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INSTRUCTIONAL UNIT .OBJECTIVES - Each student should: 

a. Understand the technological acHievements syiribolized 
by the modem aeros^>ace environment. 

b. Be familiar with man's early atten?)ts to fly. 

€• Know the developmental sequence of the major technical 
events that led to the Aerospace Age. 

d. Be familiar with possible future developments in 
aerospace. 

PHASES IN INSTRUCTIONAL UNIT II: ^ 

I. AN INTRODUCTION • * \ ^ 

II. AN AGE-OLD DREAM 

III. WINGED FLIGHT: A REALITY 

IV. AVIATION COMES OF AGE 

V. THE AEROSPACE THRESHOLD - 
, Vt. THE MODERN AGE 



. THE AEROSPACE AGE 
PHASE I - AN INjpUCTION 



This section presents a brief- overview of the modern 
Aerospace Age and the impact of rapid technological 
change on modem transportation systems. It shows how, 
in a relatively short period, man not only gained mastery 
of the air with wii>^d aircraft but also developed space 
vehicles that took him to the moon. It discusses some 
of the latest ^^velopments in winged flight and space 
exploration. , <r - . 



1. PHASE I OBJECTIVES - Each student should: 



s 




Uaner stand how powered flight revolutionized man's 
ransportation systems. 

Be familiar with major achievements in winged 
flight since the late 1950s. 

Know some of man's achievements iji the space 
environment. 

BEHAVIORAL OBJECTIVES - Each student £>hould be able to: 

Give two e:<amp.les why, the airplane is the mpst 
revolutionary transportation jnedium in man's history. 



b. 



c. 



Identify three significant technological improvements 
represented by military and commercial aircraft - 
currently in operation. ^ 

Cite specific engineering accomplishments that make 
the US manned space program tl^e high point of 
aerospace technology. 

3. TEXTBOOK OUTLINE: 

a. The impact Qf aviation on transportation sys1:ems. 

b. Comparison of modern aircraft with the Wright Flyer . 

c. Major advances in aviation since the late 1950s. 
(1) C-133 Cargomaster » 

. (2) C-5 Galaxy 

(3) F-lllA 

(4) Boeing 747 » 

(5) Other modem aircraft 
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d. beginning of the Space Age 

(1) Sputnik I and II ' 

(2) Explorer I 

e. Manned space progreim 

' (1) Significance of manned spaceflight 

(2) The first manned spaceflights 

(3) Project Gemini- 

(4) Project Apollo 

ORIENTATION: 

a. The purpose of this first learning phase is to set 
the stage for studying the technical^ evolution of 
powered flight. Major emphasis in. %i}is phase focuses 
on the airplane as the symbol of rapid technological 
progress during the twentieth century. For thousands 
of years, man could transport himself only on the 
surface of the earth at average speeds no greater 
than 35 to 40 miles per hour. And then, with the 
discovery of powered fi#ht in the early twentieth 
century, he not only sunpounted physical barriers 
that had restricted his movements but also increased 
his capacity to move at speeds greater than 4,000 - 
miles per hour in winged aircraft and up to 25,000 
JSles Ter hour in manned spacecraft. Of ;eyen greater 
significance is the "fast that he achieved these > 
speeds in an unbelievably short period °f ^^^5^^^^ _ " 
more than 60 years. This means that modem man lives 
in a period when rapid and profound change is th^ule 
rather than the exception.' / 

b. You probably 'will find it worthwhile ' in this phase 
to use the text material as a vehicle for developing 
an awareness and interest on the part of your students 
concerning the modem technological environment. 

Air and-soace travel has become ,so common within 
the past 10 or 15 y.e^ars that the young man of today 
may tend' to take it f or* granted. - The machines 
comprising the modern aerospace Snvironinent represent 
-fantastic technological achievements. But • the 
evolution of human flight from the days 'when man 
could only gaze at birds and dream of flying to the . 
modern age when he journeyed to the moon is itself 
a fantastic story of human ingeniiity and resource- 
fulness that^nly the airplane can tell. 



1 

5. SUGGESTED KEY POINTSs 

a. During a perid^ of roughly a half 

million years,, man lived at 'the bottom 
{J-5) PP 1-9** of a vast ocean of air and had no other 

(J-12) PP 11-78, use for it except to breathe. Even 

113-189* after he improved his mobility with 

fJ-148) PP 13-29* mechanical conveyances, he was limited 
^ for about 50,000 years to surface 

movement at speeds no greater than 
35 miles per hour. Suddenly^ in the 
span of about three-fourths of a " 
century, he became able to move 
unrestricted over surface barrieijs 
at fantastic speeds.^ When the Wright 
brothers introduced the Aerospace Age 
in 1903, they not only provided man 
with an almost unlimited medium for 
reaching the most remote spots on the ; 
earth's surface and, ultimately, the 
moon.' They also ushered in a period 
of bursting technology and rapid 
change that continues unabated even 
as this is written. 

b. It took less than 100 years for the 
airplane to advance from the design 
(3-1) Part 1. of the Wright Flyer to the numerous 

DD 2-54** designs that cSHr^HTse the modem aero - 

DP 1-9* space environment. ^The most rapid. 

ij-24) PP 293-346** advances have occurred dUring the past 
1j-25^ 12-158** two decades. An Air Force C-133 
J-49) PP 26-48*** Cargomaster made, a record-setting 
^ ' flight in 1958 by carrying 117,000 

pounds of cargo to an altitude of 
10,000 feet. Just 10 years later, 
■ the C-5 Galaxy became .-operai-ional with,,^ 
- •* - ■• L- « . . ^ . the vapa<?it;5^, tO'C:5kri:y,26-§V*0*0 pouftds; , 

■ of cargo for distances of 2,700- nautical 

miles. Inl954, the Boeing 707 
commercial jet revolutionized air- 
passenger transportation with its speed f 
safety, and comfort, but, in 1968y 
* this airliner faded into, the background 

• when the Boeing-747 jumbp jet took, to 
the air as" the world's largest and 



fastest airliner to fly below the , 
speed of sound. The saitie period 
saw the flights of supersonic bombers 
and fighters capable of speeds greater 
than! three times the speed of sound. 
The jSoviet Union launched the world's 
first supersoniq airliner capable of 
carrying 120 passengers at a speed of 
1,550 miles per hour. Numerous other 
modem aircraft, such as one-man 
helicopters, two-passenger private 
.planes, 25-passenger airliners, and 
others, have distinguishing features 
that make them adaptable for almost 
any type of travel. 



c. As miraculous as were the advances 
made by the airplane in the past 10 
(J-1) Part 6, or so years, some of the most electri- 

pp 4-65** fying developments in the technology 

(J-5) pp 138-147* of flight came with the launching of 
{J-25) pp 160-249** . Sputnik I and the Space Age in 1957. 
(J-28A, B, C, D, Quickly on the heels of the Sputniks 

F,,G, H- in 1958 , 't^e . United States launched 
8 Vols.)***** itsv first orbiting satellite. Explorer 
Aeroscience ,. I, and,, in slightly over 10 years, 

^ pp 558-602*** placed more than 240 space vehicles 
(J'-105) pp 30-77** in orbit. The most, dramatic achieve- 
(J-145)* pp 144-194** ments (Same with the 'Apollo flights 

when man demonstrated that he could 
design a machine that would carry him 
to the moon across 233,000 miles of 
3pa<ie at speeds as high as 25,000 miles 
per hour. In little more than a decade, 
he advanced from .the technology of. 
^ Explorer I, a tin^^ satellite the size ' ^ 

, ,6f a > grapefruit," to" the technpiogy of 

'.' ^ *' ^ y <^ . •/ . T^pollo, a tdwering' giant 36 ^torierf" 
- ^ • ' high* weighing millions of pounds. 

With its Saturn- 5 booster and 3.5 million 
parts, .the. Apollo is the capstone of 
* engineering and manufacturing achievis- 
. • ments vin thfe twentieth century. In i 

addition to the engineering complexities) 
of the Apollo spacecraft, the ground 
I facilities necessary to support the 

Apollo stagger the imagination with 
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their enormous size. Various stages 
of the spacecraft are mounted on a 
launch platform the size of a baseball 
diamond inside a building 50 stories 
high. To transport the spacecraft to 
the launch site three and one-half- miles 
away, a giant caterpillar with tracks 
10 feet high and 40 feet long moved 
with the spacecraft, a launch tower, 
and the platform over a road wider than 
an eight- lane freeway. 



6. SUGGESTIONS FOR TEACHIf^G: 

a. Suggested time. 



Number of Academic 
t>eriods per Week 


Recommei 
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ided Number of Periods 
Eor this Phrase 




1 
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b. 



Although the needs and capabilities of your students i 
will vary from group to group, you will probably want 
to use the initial phase of this instructional unit 
to stimulate interest in the modern' aferospace environ- 
ment. You should pot consider interest in the ^nodern 
environment as an end in itself, however. In your 
discussion of ciir and space travel, you should find 
the proper moment to direct the students' attention to 
. the evolution of aerospace vehicles with such questions 
^s, "How did we reach this point in aviation technology? 
How many of you know when the age of the airplane began? 
or "What basic principles had to be applied before the' 
first man-made machine became airborne?" 

One approach to this instructional unit might' begin 
with a discussion of the role played by^ various forms 
of surface transportation at different stages in the 
development of civilized society. As different modes 
of transportation are discussed, you might list them 
on the chalkboard, beginning with the crudest and 
progressing to the more advanced forms, such as steairj 
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locsomotive, the automobile^ an4 j^:he ocean liner. 
After developing a complete list/ you might. ask 
what common restriction limited each of these 
modes? Opposite 'the list of surface transportation 
media, you might write thel^jgy^, airplane, and 
discuss with the class the third dimension provided 
by the airplane to man's ability to move from place 
to place w The discussion might then advance to the 
advantage of speed which the airjilane provides and 
the impact of rapid increases in speed on human 
relationships. 

d. Another approach might be to ask how many of your 

students have traveled on a modern commercial airliner 
or have observed^ missiles or spacecraft in flight. 
If you have pictures or slides of modern commercial 
and military aircraft, you might ask your students 
to identify them by narje and give some significant 
bit of information about each* This will give you 
an opportunity to conduct an informal discussion 
of modem aircraft and air travel, as compared with 
early aircraft and other modes pf transportation. 

After you have introduced this instructional phase, 
you might find it desirable to invite a gue^t speaker 
from a nearby Air Force b^se or prom a local aerospace 
industry. This person should be sufficiently informed 
to discuss with your students some *b£ the*' most 
significant developments in aerospace in recent years. 
At the same time, he should be able to provide, 
interesting comparisons of modern aerospace vehicles 
with early aircraft and other early modes of trans- 
portation. Primary attention Should be di:^ected to 
the impact of aerospace on man's transportation 
systems. Since your first concern is to acquaint 
the student with the modern aerospace environipent 
and stimulate his interest in the progress of aviation, 
you should request the speaker to concentrate on the 
major achievements of the modern age and the changes 
which these achievements have brought. 

f. In preparing for this instructional phase, your 

students, of course, should read and study the text 
material on the appropriate pages in the textbook, 
and- this material can be assigned as a written 
exercise or used as^ points of discussion to emphasize 
-your teaching objectives with the class. 
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7. INSTRUCTIONAL AIDS: " 

If you have access to pictures, models, films, or, 
slides of early ai^raft and m6dem aerospacecraf t, 
you might use thettfipfe motivational devices. You should 
be cai35ful, however, to use them in the comparative 
sense? that is, to show how rapidly man has advanced 
in his ability to transport himself. 

a. FILMS: 

(1) SPP 501, K%x Power — The Early Days, 26 min. , 
B&W, 1957. \ 

(2) SPP 1534, I^'s Everybody's Business, 22 min.. 
Color, 1953. 

\ ' 

(3) SPP 1240, Prota Kitty Hawk to Aerospace, 11 min. . 
Color, 1965. 

b. SLIDESi 

CAP-1 The Challenge of the Aero.space Age. 
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PROJECTS: 

A field trip to a modern airport or Air Forc^i base 
might be used to reinforce your discussion of the modern 
aerospace environment. If you ar« located near a itruseum, 
you may find replicas or models of early aircraft for 
comparison with modern aerospace achievements. V 

FURTHER READING; 

a. Becker, Beril. Dreams and Realities of th e Conquest 
of th6 Skies . West Hanover, Massachusetts: Halliday 
Lithograph Corporation, 1967. 

b. Cook',. Alfred D. (ed.) Where Do We Go From the Moon? 
New York: Fairchild Publications, Inc., 1967. 

» 

c. Gibbs-Smith, Charles H. The Aeroplane . (A Historical 
Survey of Its Origins and Development) . London: Her 
Majesty's S^tationaj^y Office, 1960. 

d. Mil lex, Jlonald and Sawers, David. The Technical 
Development of Modern Aviation .' London: Rbiatledge 
and Kegan Paul, 1968. 

e. NASA. Significant Achievements in Space App lications, 
1965 . W&shington, D. C.,: Office of Technical Utiliza 
Hon, NASA, 1966. 

f . Space: The New Frontier . Washington, D. C. : Super in 
tendent of Documents , US Government Printing Office, 
1967. . . 

g. Von Braun, Wernher. History of Rocketry and Space 
Travel. New York: Th9mas Y. Crowe 11 Company, 1966. 
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PHASE II - AN AGE-OLD DREAf-1 



This section contains a review of ancient legends of 
flight and m^'s earliest attempts to f ly imitating 
the flight of^irds. It traces the evolution of lighter- 
than-air flighl^from the first free-floating balloons 
of the Montgolfier brothers to the controlled flights 
of giant dirigibles that carried man on his first 
scheduled passenger flights. This learning phase 
introduces the student to some of the pioneers in 
lighter-than-air flight and describes the airship 
designs that enabled them to achieve man's age-old 
dream. 

PHASE I OBJECTIVES - Each student should: ' 

> 

a. Know some of the ancient expressions of man's 
undying urge to fly. 

b. Understand the theory of lighter-than-air flight. 

Know the significant events in lighter-than-air 
flight that encouraged men to pursue their desire 
to fly. . 

d. Know some of the contributions of early pioneers 
to the evolution of controlled flight. 

BEHAVIORAL OBJECTIVES - Each student should be able to: 

a. State two ideas that indicate that civilized man 
dreamed of flying for thousands of 'years before 
he discovered the secret of powered flight. 

b. Explain the theory underlying lighter-than-air 
flight. ^ 

c. Trace the events and obaervations which convinced 
^arly experimenters th|^ human flight was possible. 

d. Identify the technical contributions ^of six men 

to the evolution of the rigid airship and controlled 
lighter-than-air flight. 

TEXTBOOK OUTLINE: 

a. Early myths and legends of flight 



Tower jumpers and wing flappers 
c* The first practical flights 

(1) Montgolfiers' hot-air balloon' 

(2) Charles' hydrogen balloon 

(3) ^ Cross;ffig of the English Channel by Jeffries 

and Blanchard 

(4) The first live parachute drop 

(5) Experimental balloons 

(6) Military uses of balloons ' 
d/' Features that improved balloon flight 

(1) Meusnier's ellipsoidal balloon and his design, 
for sustained flight & 

(2) Giffard's controlled balloon 

(3) Engine development — Hanlein, Renard, Krebs, 
and Schwarz 

e, Nonrigid and rigid dirigibles 

(1) Forerunners of the dirigible 

(2) Santos- Dumont's nonrigid airship - 

(3) Zeppelin's rigid dirigibles 

(4) The decline of buoyant flight 

ORIENTATION: 

a. Your discussion of the modern aerospace environment 
in Phase I should. serve as the springboard for a , 
backward look at the events which led to the creation 
•of this environment. Phase II is an important section 
of this instructional unit because, in, this phase, 
you must shift your teaching techniques from the 
modern age ta the ancient nge when men only, dreamed 

of flying. Emphasis in this phase should center 
,on the fact t^at, although man always had the 
resources necessary for ilight at his disposal,, he 
tried for centuries without success to fly simply 
by imitatirig the flight of birds. Not until less 
than 200 years ago did he achieve his first sustained 
flight—and then only with the aid of lighter-thari- 
air craft. You should use^ the ^early accounts* of 
man's interest in flying to show^how, through trial 
and error, a few courageous adventurers began to 
uncover the secrets of human fljLght. ^ 

b. Beginning with the Archimedian^ principle of specific 
gravity, you should show how th'e discovery an^ 
application of scientific principles enabled man 

to make his first flights in light^r-than-air craft. . 
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Although the Mpntgolfier and Charles balloons and 
the Zeppelin dirigibles at first seemed to pointsin 
the direction of controlled f light' in winged aircraft, 
they were not the final answer in man's ^earch for 
a practical flying machine. They only stimulated • 
f\irther interest in flying to the point that man 
directed his efforts to heavier-than-air flight. 
Although this phase stresses early achievements in 
lighter-than-air flight, you should observe that such 
men as Leoneordo da Vinci and ciphers also pointed the 
way to the creation of the airolcuie through -their 
experiments :with glider's and oirnithopters. 

5. SUGGESTS) KEY POINTS; 

a. Although the ead^y legends of human 
-flight and the activities of the tower 

jumpers^ are interesting narratives, 
^ «r ^ their prim€ury importance in this unit 

.is the evidence which they present 
concerning man's age-old desire to 
fly. ' Despite centuries of superstition, 
(J-2) pp 1# 4* disappointment, an4 misplaced experi- 

(J-5) PP 11-12* mentation, this de9ire led to a knowledge 

(J-14) PP 10-37, of scientific principles and theories 

40-44, 47-4^9*** which man had to acquire as a prerequi- 
(J-17^).pp 13-22* site for practical flight. ^ Da Vinci's 

(J-24) PP 9-10* experiments, Archimedes' theory of 

(Aeroscience) , specific gravity ^ and the Montgolfier. 

PP 625-630** balloons wfere necessary preludes to 

(J-140) PP 320-323** practical hximan flight.. Archintedes 
^ proposed a theory that he could not 

at>piyf but the Montgolfier brothers 
capitalized on his idea with the first 
flight of a man-^made balloon. After 
observing that smoke rises into the air 
under its own power, they fovmd a/way • 
to collect this "hot air" in a simple 
t^ag or balloon which ^ilso would rise 
" into the atmos^ere. Their, success 
with the flight^of hot-air balloons 
renewed and reinforced man.'s interest * 
in the possibility of flying. 

b. Follon^ing the Montgolfier flights, a 
^ number of significant developments 

occurred in balloon design and flight. 

a. 
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J. A. C. Charles designed a 
manned hydrogen balloon that 
.remained airborne for as long 
'as two hours and traveled greater 
distances with only a minimum of 
effort from the crew. Charles 
could control his balloon by 
throwing sand ballast overboard 
or by releasing hydrogen to 
increase or decrease his altitude. 
The first intercontinental flight 
of a man-made balloon came with 
the Crossing of the English Channel 
from Great Britain to France by 
Dr. Jeffries and Pierre Blanchard. 

(2) Charles Green inflated a giant 
balloon of 85,000 cubic feet with 
coal gas and used a. trailing guide 
rope as a kind of -automatic ballast 
to regulate lift and warn of rising 
terrain. The largest balloon of 

' ' the period, Le Geant, carried a 

large two-story car with a capacity 
for 13 passengers. An American, 
John Wise, invented a ripping panel 
for rapid deflation aftfer landing, 
and a. French aeronaut ,^^dre- 
Jacques Garnerin, made the first 
live parachute drop from a balloon* 
flying at an altitude of more than 
^ 3,000 feet. 

(3) In addition to exhibition flights, 

• "a number of men began using balloons 

for the conduct of scientific 
experiments. Professor Charles 
. studied air temperature and baro- 
metric pressure at various heights, 
^ -^and Jeffries and Blanchard carried 
meteorological instruments /arff^their 
flight; On one f light^^'-a-^ritish 
scientist, James Glaisher, lost 
consciousness at an altitude of 
25,000 feet. When he recovered 
13 minutes later-, he estimated 
that he had reached an altitude of 
37,000 feet, the highest that man 
had ever risen into the Atmosphere. 
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(J-2) pp 4-8* (1) 
(J-14) pp 40-44, 

51-55, 64-65, 

74-76*** 

(Aeroscience) pp^ 

630-637**\^ 



(4) Balloons played a variety of 
military roles, beginning in 
the mid-1800s cind continuing 
through World War II. *In 1849, * 
y they were used as bomb-carrying 

devices for the first time. 
During the Civil War, the Franco- 
Prussian War, and the two world 
.wars, balloons were used extensively 
for observation and reconnaissance. 

c* Two Frenchmen, Jean Meusnier and Henri 
Giff^ard, made important contributions 
to .balloon technology. Meusnier took 
(J-2) p 8* . ' the first step toward the streamlined 

(J-14) pp 45, dirigible with his design vCor an 

. 60-j59*** ellipsoidal balloon to reduce, air 

(J--17) p 2i2* resistance.- For sustained flight, he 

(J-24) p 10* also proposed compartmentalizing the 

(J- 140) pp 323-324* gaisbag with several cefls, some cbntain- 

ing hydrogen and others air which could 
be pumped in or out as necessary* This 
^ design would maintain the rigidity of 

the'ballopn^at different altitudes even 
though the hydrogen gas might expand or 
contract. Giffard improved Meusnier 's 
design w;Lth the addition of a steam 
propuls/on unit which enabled him to 
steer his balloon at a sg^4d of 5 miles 
per hour for a distance of; 17 miles. 
Gif fcirdrs balloon was a' direct forerunner 
of the dirigible, an airship that could 
i be direqted., controlled, and steered 

from takeoff,, to landing. ^ , 

d. Further advanced^ in balloon technology 
came almost 100 ypars after Meusnier 
(J-14) pp 45, ^ and Giffard when a German engineer, 

67--77*** Paul Hanlein, replaced Giffai^d's steam 

engine with a light-weight gasoline 
engine, the first known internal combus- 
\ ' ^. t\on engine used in an airsjhip. Hanlein 's 

engine generated 3.6 horsepower ^and 
achieved an airspeed of 10 miles per 
hour. Two other Frenclimen, C. Renard 
and A. C. Krebs, operated their airship. 
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La France, with a 9-horsepower electric 
motor, and, although the weight of its 
batteries limited sustained flight, it 
propelled La Prance through the air at 
speeds of 14 miles pet ho^ur. David 
Schwarz developed the first rigid 
airship when he' covered a balloon 
envelope vri-th sheet aluminum secured 
to a tubular aluminum frame. He equipped 
his, airship with a 12-horsepdwe|: gasoline 
motor that drove two aluminum propellers. 
Schwarz reached a speed of 16 miles per 
hour, but his engine, like other engines 
of the day, generated insufficient power 
for its weight and size. 



e. As a practical flying machine, the 
dirigible made its most noteworthy 
■ . advances with the contributions of 

t Va\^^ 8-9** Alberto Santos-Dumont and Count Ferdinand 

(J-14) pp 45, von Zeppelin. Although von Zeppelin 

70-71, perfected the dirigible for public use, 

124-125, Santos-Dumont introduced the era of the' 

^•36-137, powered gas bag with' a nonrigid airship 

• 170-171*** 82 feet long, driven by a 3-horsepower 
St ol! 22-23* gasoline motor. He became the idol of 

(J-24) p 26* Paris in 1901 when he piloted a blimp 

(Aeroscience) driven by a 12-horsepower motor a 

pp 637-6^0, distance of nine miles from St. Cloud 

675-677, around the- Eiffel Tower. Zeppelin 

701-702, introduced one of the most . significant 

711-712*** innovations with the development^ of the 

rigid airship known as the dirigible. 
One of the most successful rigid 
dirigibjes was the Graf Zeppelin, 
equipped with five 530-horsepower 
engines 'which drove the airship at 
a top speed of 80 miles per hour. 
It established a world airship record, . 
unbroken to this day, for a distance 
in a straight line without landing 
when it made a return trip from Lakehurst, 
New Jersey, to' Frie.drichshafen, Germany, 
in thre? days. The world's largest 
dirigible was the Hindenburg, 803 feet 
long and 135 feet in diameter. After 
making a transatlantic crossing with 
97 passengers in 1937, it burst into 
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flames while approaching its moorage 
at Lakehurat, New Jersey. The destruc- 
tion of the Hihdenburg brought an end 
to the era of ^aiQsenger-carryinq 
dirigibles. ' ^ ^ 



6. SUGGESTIONS FOR TEACHING: 

a. Suggested time 
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b. 



In general, you Should avoid teaching 'this phase * 
strictly as a history of aviation in the sense thai 
you focus your instruction on a simple recitation of 
historical facts and events. Certainly, you should 
keep the sequence of events in the evolution of 
powered flight in their proper perspective, but you 
should also develop the hows and whys of each event 
as it contributed' to man's ability to fly. Your 
purpose, of course, is hot to make historians of your 
students, but you should make them aware that history, 
particularly the technical history of the airplane, 
provides the basis for understanding some of the 
technical achievements of the modern age. The what, 
where, when,, and why of an event in the growth of 
aviation, for exaii5)le, can save much time and effort 
One way to prove this point is to present a problem 
such as the following: "Observe smoke and pieces of 
ash rising from a pile of burning leaves. Based on 
this phenomenon alone, describe TiOw to deVise a 
machine that will take advantage of the principles 
under consideration." After presenting this clue, you 
might ask the students to describe how they would make 
this machine, what materials are needed, and how the 
machine will work. You could assign a student to act 
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as a recorder at the chalkboard while you and XJtie . . 
class discuss the problem. Some main headings which 
the recorder might list .are: steps m making this ' 
machine, a materials list, and c^eration and control 
of the machine. After the students have designed 
what appears to be a workable model, you might be 
able to obtain some materials and permit them to 
implement their project ideas. Throughout the discussion 
of this problem, you should keep .the class focussed on 
the text material by periodically referring to the 
deve lopmen tVQiE the balloon by the Montgolfier brothers. 
An alternate approach might be to propose this problem 
near the end of the class period. A listing similar 
to that developed fcibove on the chalkboard can be 
partially prepared. You carl then ask the students 
to think over the problem as they read their assignment 
about the early history of ballooning. During class 
the. next day, you can complete the discussion and then 
conduct the experiment listed belCw under "Projects" 
or design one of your own. 

Another effective teaching approach is to lead your 
students from something which they already know to 
something unfamiliar or unknown to them. For example, 
you might ask how many of your' students; have ever seen 
a rigid dirigible or have ever taken a ride on a blimp 
such as those often seen at football games or parades. 
Then ypu might follow the discussion of this question 
with ^uch questions aa, ''Ifh^t do you think early 
balloons looked like?*' "H^ve you ever considered why 
men wanted to fly?" or "What steps would I take to 
construct a machine that ^ill fly?" Such questions 
as these might lead to a ^problem- solving discussion 
which, in reality, will be an examination of basic 
ideas and events in the evolution of human flight. 
You could then point out to your students that, in 
the process of cinswering the questions, they have been 
playing limited roles as historians in their search 
for information concerning the who, what, where, wher , 
how, and why of man's early experiments in flying. 

Interest generated by the above discussion might be 
channeled iiito student research projects or brief 
(5>ral reports on a particular problem or area of 
interest. Again, the students would serve in the 
role of historians probing and analyzing the background 
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of various events in the evolution of flight. » 
Possible research projects might i^eal with such 
projects as the following: (X) Early balloonists 
who increased interest in aviatidn in the United 
States; (2) Various typ^s of military operations 
conducted by balloons; (3) • ^lesults. of some early 
attempts tp add power 'plants to ballooi^s; (4) 
More detailed reports on the text material stories 
of i|[ien and events and their contributions to 
advancing aeronautics. 

e. As preparation for this learning .phase , the students 
shojxIG read and study the apj>ropriate ^^es of the 
text. You might use the^ textbook questions" as written 
' / assignments or as staiiting points for class discussion. 
You should not feel tlrat you are required to assign 
these questions for written answers or that the 
•questions are, the only questions available to support 
this unit. Above all, you should not consider these 
questions as adequate testino devices to evaluate 
student accomplishment. \ 

INSTRUCTIONAL AIDS: 

Bring to class any pictures, model^s, or even stuffed 
birds that will help the student relate the apparent 
simplicity of bird or insect flight to tnan's difficulties 
in learning to fly. • , 

PROJECTS: 

A project involving the construction of a medium-size 
hot-air balloon to support the material in this learning 
phase is described on pages 252-254 of Introduction to 
Aerospace Education by Strickler, MervirTin (j-146) . — 

FURTHER READING: • • • ■ 

a. Air Force ROTC, Air University. History o f the uSAF 
Maxwell AFB: Air University, 196T; — ' 

b. Haydon, F. Stansbury. Aeronautics of the Union and 
Confederate Armies , VolTI Baltimore: Johns Hopkins 
Press, 1941. ' 
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c. Morgan, Len. "The Day 'the Balloon Went Up." 
Air Force , 37:12, December 1954, pp 71-79. - 

d. Parkinson, Russel J. ''"United States Signal Corps 
Balloons, ia71-.1902." Military Affairs . Spring- 
Winter 1960-61, pp 1B9--7UT. 

« 

e. Shaw, Russell B. "Ballooning and Its History.^' 
National Aeronautic Associatio n Review > 3:3, March 
1925/ pp 34-36.' . 

f. USAF Historical Division. The United States Army 
Air Arm (April 1861 to April 1^17) . Maxwell AFB: 
USAF Historical Division. 1958, pp 1-13. 
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PHASE III - WINGED FLIGHT - A REALITY ^ ' 

This learning phase shows how the powered aircraft 
>emerged from' glider experiments to* become a reliable 

■ mode of . transportatipn. It first discusses the^basic 
principles of heayier-than-air flight and then traces 
the development of gliders and the aerodynamic innovations 
that le<^,to controlled flight. In this phase, you have 
the opportunity to appeal to the imagination and akill 
of *your students in the construction of models based on 
early aircraft design. In addition to studying the" 
technical evolution o'f the airplane from the Wright 
brothers' Flyer through World War 1, you can explore in 
broad terms with your students the forces of lift and 
drag, other important elements of flight, and the function 

^ of the major components of an aircraft. 

L PHASE III OBJECTIVES -'Each student should: ^ 

a. Know how the application of the principles of flight 
to gliders contributed to the development of powered 
flight. ^ ^ ' 

b. Know some of the attempts of early pioneers to over- 
come design deficiencies by adding major cortponents 
tp the basic aircraft. 
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c. Be familiar with how the elementary principles of 
flight determined the functional design of major 
aircraft components. 

d. Know some of the significant inn^ovations in aircraft 
design contributed by American and European air 
enthusiasts from the first flights of the Wright 
brothers through World War I. ' ' 

2/ BEHAVIORAL OBJECTIVES - Each student should be able to: 

a. Tell how the application of three principles of 
flight in glider experim^JJts contributed to the 

^ development of powered aircraft. 

b. List the sequence of events that led to the develop- 
ment of four major structural components of* early 
powered aircraft. 
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, c. Identify three elementary principles of flight 
that determined the fxmctional design of m^jor 
aircraft Components • | 

d. Descfibe major changes that occurred in aircraft 
design just pVior to World War I and during. the 
war. ' * 

3, TEXTBOOK OUTLIME: ; \ - 

. ' a. Early developments in heavier- than- air flight 

influenced by tl>e flight of birds. 
. , " (1) Basic theo^fies related to heavier-than- 
air flighti ' f * 
(2) Contributions of early air pioneers, such 

as Cayle^,; Lilienthal, Montgomery, Chanute,. 
• -and other^. 

b. Aviation developments influenced by the des'ign 
of 'kites. 

(1) The fixed-wi^ glider. 
, . (2) Powered flight. 

c. Efforts to create. stabilit;y in flight, 

(1) Partial yaw and pitch .control in Cayley*s 
glider. 

(2) , The experiments of Henson, Stringfellow, 

Wenham, and Penaud. 

(3) Lilienthal's fixed tailplane control device. 
/ (4) Chanute's design for inherent .stability in 

the blplan%, glider^ 
(5) Wright brothers' inherWtly unstable designs 
- . with, devices to control aircraft flight; 

d. Addition of .power to fixed-wing aircraft. 

(1) Early attempts jDy Ader, Maxim, and Langley. 

(2) The Wright brothers. 

(a) Glider control by "wing warping;" * 

(b) Three early glider, designs • 
(c> . Motor and propeller .design. 

(d) The first powe;r controlled flights 
of Flyer No. 1 and Flyer No. 2. > 

(e) Flyer No. 3 — the world's first; practical 
powered airplane. 

(3) European contributions to-powered flight. 

e. The early growth of aviation. 

(1) Award of first Government contract for aircraft 
construction — Samuel P. Langley. 

(2) Award of Government: conttact to the Wright 
brothers. 




(3) Lilienthal's fixed tailplarie control device. 

(4) Movable control surfaces. 

(5) Shock absorption. 

(6) Increased speed and climbing ability. 

(7) The synchronized machine gun. 

(8) Improved engine power. 

(9) .The all-metal monoplane with cantilevered 
wing. 

(10) Advant of multiengine airplanes., 

ORIENTATION 

a« A basic question to be answered in this unit is- How 
did man's achievement of controlled flight' lead to 
the fi;i:st practical powered airplane? m terms of 
the technical evolution of the airplane, this is an 
extension of the theme developed in the previous 
learning^ unit. 

b. Many of" the early pioneers in aviation attempted to 
build a controllable flying machine, but only a few 
succeeded. Those who achieved partial control of 
their craft added only scant information for others 
to use in their attempts to 'build a more efficient 
airplane. Sig^^if icant advances in avia-tion did not 
occur until the Wright^ brothers reexamined some of 
the old theories, of flight through their own system 
of laboratory and model testing. One of their most 

■ significant contributions to aviation was their 
design for an inherently unstable glider that could 
be controlled only by a skilled pilot. Their subse- 
. quent addition of a power source was perhaps less 
difficult than, the problem of learning how to control' 
a machine in flight, 

c. Only a few years after the initial flights of the ' • 
Wright brothers, aviation activities increased both 

in Europe and in the. United States, and air enthusiasts 
"experimented wi^h a number of aii>piane designs. In 
addition to the .achievements of the Wright- brothers 
this learning phase includes some of the highlights 
in the evolution of the airplane from the Wright 
brothers' Flyer through World War I. Major emphasis 
IS given to changes in the design of the airplane 
during the years prior to World War I and to the ' 
impact of war on* aircraft design. 
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5. SUGGESTED KEY POINTS! 

a. One of man's first lessons in learning 
to fly was that he required more equip- 

**(J-2) pp 1-3 . ment than simple birdlike wings. Some 
***(J-14) pp 11-13 of the early would-be aviators designed 
16-27, 32-36 ' wings similar to those of birds an^ 
82-83, 97-101 attempted to imitate the flapping motion 

**(J-17) pp 13-28 . of birds in flight.; Pew seemed to 
* (Aeroscience i realize that birds not only flap their 

PP 640 wings but also hold them in a fixed" 

*(J-157) pp 9-10 position to glide. Later studies 

revealed that the outer primary feathers 
on birds' wings act as small propellers 
when birds move their wings up and down. 
^ (See ** p 2; J-2.) Also, when gliding, 

birds control the shape of their wings 
to provide lift on takeoff and in flight 
and to brake theiir speed in landing. 
Man achieved heavier-than-air flight 
only when he applied cfertain basic 
aeronautical principles to his glider 
designs. 

b. Another rotate to human flight came by ' i 
\fay of the kite which, in many respects, 
proved to be more 'successful than mere 
imitations of birds in flight. As early 
as the seventeenth century, the Chinese 
used kites to ,lif t men for aerial 
reconnaissance, and George Cay ley used 

/ the kite in one of his, early glider 

*(J-2) p 10 designs. This glider used a diamond- 

*(J-5) pp 11-12^ shaped kite as a wing mounted bn a long 

***(0f-14) pp 80-81 stick (the .fuselage) with a tail assembly 

88-89, 110 attached to a swivel joint at the oppo- 

**( Aero8cience ) site end^ Cayley ' s inqportant dontribu- 

P 641 tion to aviation Was his modern airplane 

***(J-122)' pp 1-13 design, consisting of fixed wings, 
**(J-157) pp 10-11 fuselage,- tail unit of elevator and 

rudder, and ari independent propulsion 
' ' system. , • * . ^ 

c. Otto Lilienthal too*k> another, step toward 
controlled flight with. his tailplane 
device. He achieved control of his 
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(J-2) pp 11-12 
*(J-14) pp 83, 103 
(J-17) pp 23-24 
( Aeroscience ) 
pp 643-644 
**(J-122) pp ?3-26 
*(J-157) pp 12-13 



*(J-2) p 12 
**(J-14) pp 83-84 

1©2-103, 113-115, 

119 

* ( Aeroscience ) ' 

pp 642-643 ^ 
***(J-122) pp 28-30 

54-59 
*(J-157) p 13 



first gliders by swinging his body • 
from the center section of the wing 
framework. With his foitearms in h 
armlets attached to this framework, 
he could move his body in different 
directipns cind shift the center of 
gravity as necessary to maintain 
control and stability. Just prior 
to his death in a glider accident, 
Lilienthal had designed a glider with 
a body-harness type of elevator* control. 
By means of a headband which connected 
him with, the tailplane, he could lower 
his chin and cause the glider to rise 
or "lift his chin and cause the craft V 
to descend. Lilienthal 's technical 
writings on aviation and photographs 
of his glider flights provided convinc- 
ing proof to other advocates of Winged 
flight that the air would support 
fixed-wing flight, with or without 
engine power. 

• 

The next forward steps in the evolution 
Of. the airplane came with the experi-: 
ments of John J. Montgomery and Octave 
Chanute. ^Although Montgomery based 
the design of his gliders on flapping 
wing flight proposed by Cayley, he 
introduced 'a new idea when he used 
flaps on the wing tips of his glider 
to restore its equilibrium during wind 
gusts. Chanute not only pointed 
glider in the direction of powered 
flight but also exercised a great deal 
of influence on the aviation movement 
in both the United States (the Wrights) 
and Europe (Ferber, the Voisins, Farman, 
and others). His primary concern was 
the development of a glider with 
inherent stability by using^ movable 
wings to adjust to sudden changes in 
air pressure. Although he never complete- 
ly achieved this goal, he created a 
fixed tail unit with spring attachments 
that acted as gust dampers. His major 
technical contribution to the advancement 



of aviation was his bridge-truss \ 
, method of wing-rigging for his biplane 

glider. ,He not only offered techni^;:^! 

advice and financial assistance to the 
^ Wright brothers but al^o initiated the 

aviation moveinent in Europe with illus-- 

trated lectures on thejiright brothers' 

achievements. < — 

e. Following the contributions of such 
■ early pioneers as Cajaey, Lilienthal, . 

pp 13-15 ■ Chanute, Langley, and\others, the 
★ ★"Jt 1?? •'■^"•'■^ Wright brothers exerted, the most signi- 

inc Tno ■ ficant influence on, the aviation movement 

TioTSc' ^^^'^ achieved man's first sustained- 

lioTco' •'■28-129, , powered flight* Tkey succeeded primarily 
*/T-Tif because they understood that controlled 

(J-17) pp 27-28 flight was a prerequisite to powered 
. • flight, and they applied this idea in 

(|f£2|cience) pp the development of a practical aircraft. 

X Largely through their own efforts, they 

:»n 90 I ^^"■"■'^ mastered both the theory and practice 
o2"c^' rl""^^' °^ aviation, airplane construction and 

ooo S;-, flight control, and, .what is even .more 

304-307 amazing, created theij: own practical 
**/t"Tct» propellers and engines. Clement Ader 

(J-157) pp 14-29 almost achieved powered flight with a 

lightweight steam erigine, but -he .wias • 
unable to develop an] effective wing 
design or control -wechanism in his ai,r- 
•'^ planes. Hiram Maxim's giant biplane 
moved only a few feet under its own 
power before it broke loose from its 
mooring and crashed-: Samuel P. Langley 
accepted a Government contract to build 
a power-driven airplane capable of 
carrying a man, but, in flight tests, 
the tailplane collapsed and the' airplane 
crashed in- the Potoraac River. Even if" 
the tailpiane had remained intact, tJ^e 
Langley Aerodrome was too frail for 
controlled flight. 

f. The Wright brothers claim certain 

specific achievements in gainjjig control 
of an airplane in flight. Their first 
step was to develop an inherently stable 
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airplane f mak4;ig built-in cc^trols 
unnecessary. When they discov^ed 
***(J-14) pp 85-86 r the process of wing warping^ they held 

114-115 the key* to three areas of control. 
***(J-122) pp 34-4i Wing warping enabled the operator to 

308-311 f bank the airframe without shifting l^is 
344-346 weight, But^ in the process of wing 
warping^ another problem of conttol 
occurred when their glider began to 
yaw. • To counteract this problem, the 
Wrights added a rudder to the rear of 
the glider to be operated in conjunction^ 
♦ with the wing warping control device. 
Another addition to the glider was a 
. ' forward stabilizer-elevator which 

permitted the operator to control the 
pitch of the aircraft. The Wrights 
;then built a nuDdified glider and 
fitted it with an engine and propellers 
of their own design. Mounted in a / 
pusher position/ the propellers rotated 
in opposite^ directions to counteract 
torque. On their second powered test, 
the Wrights controlled their aircrafit 
by using hip? saddle which enabled ' 
them to control both the wing warping 
and rudder demces simultaneously j 
when they shifted the weight of their 
bodies to the /right or to the left. 

g. Although Wilbur and Orville Wright \ 
. ,f lew constaht/ly- during a period of i 

aboutlfive yddrs/ the public and the ^ 
press/ viewed I their achievements as 
the work of Eccentric upstarts. After 
much delay, they finally received a 
^ patent on thpir aircraft- but refused 
' to give a pijblic ^Ihonstration without 
a guarantee /of purchase. Finally, with 
Wilbur's assistance, the US Army drafted 
the first public^specif ications for an 
aircraft. Thes^speci^ications called 
for an aircraft /that could carry a 
pilot, a passenger, and fuel for .a 
125-mile trip, fly at least 36 miles 
per hour, ^ind take off and land in 
any war zone without damage. In a 
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series of flight tests at Fort Myers, 
Virginia, Orville Wright gave a 
brilliant demonstration of his new 
two-seater bipl^ane in almost effortless 
banks / turns, circles, and figure 
eights. On the last day of the test 
series, the biplane crashed, causing 
the death of Lt Thomas Self ridge, the 
first pilot to die in the crash of a 
powered -aircraft. 

h. In Europe, the prospects of achieving 
r powered flight in a controlled airplane 

were almost nonexistent during the 
***(J-14) pp 119- early 1900s. Most European air pioneers 
, 157 misunderstood the Wright concept of 

(Aeroscience) inherent instability and concentrated 

pp 647-652 their efforts oh inherent stability 

*jJ-122) pp 51-66 in their aircraft. Such men as 
84-200, 210-219 Ferdinand Ferber, Louis Bleriot, 

Gabriel Voisin, Henri Faifiian, and 
others made a few short flights, but 
they were crude in compc^ison with 
the Wright achievement?/ One of the 
most significant developments in 
I European aircraft desigh came in 1907/ 
when Bleriot began expe'rimenting with 
powered monoplanes, mt until Wilbur 
Wright demonstrated hik mastery of 
flight control and thef improved thrust 
provided by geared-dowh propellers did 
the pace of -aviation progress quicken 
in Europe. The first major sontribution 
to European aviation in terms bf distance 
flying came in 1909 when fileribt crossed 
the English Channel in a monopJ^ne 
equipped with rear elevator and fnijlder 
controls. Bleriot 's achievement gave 
f' \ / the aviation movenjent a technical 1 

stimuliis that reached worldwide propor- 
tions. Shortly atter the Bleriot: 
flight came the world's first inter- 
national air meet at R^ims, France, and 
increasing numbers of young aviators 
made'^ecord-breaking flights in Airplanes 
featuring the latest aerodynamic improve-^ 
ments. 
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^ i. In a comparatively short period of 

11 years preceding the outbreak of 
♦♦*(j-14) pp 118- war in 1914/ a number of important 

157 changes occurred in^ the original 

♦♦♦(j^i22) pp 51- configuration of the airplane. The 
66 i 84-206 1 most obvious developments were the • 

210-21^ * enclosed monocoque fuselage, the 

monoplane with thin mid-mounted wings, 
streamlined landing gear, and more 
powerful engines. Other, significant 
* * changes occurred in the airplane's 

Control surfaces^ which moved to the 
rear of the win^ and the propeller. 
Ailerons replaced wing warping for 
laterdl control, and hydraulic shock 
^ absorbers replaced rubber . absorbers . 

Engineers began experimenting with 
all-metal frames and internally braced 
'wings. They designed air-cooled 
radial engines to reduce the weight ' 
required by water cooling and simplified 
control by means of employing one 
control stick for all control surfaces. 
They placed horizontal stabilizers^ on 
the rear ^ of the airplane to prevent 
pitching, hinged an elevator to the 
wing to control the tail unit and ^ the 
angle of the wings, and 'added a 
vertical fin to control the direction 
of flight. Thanks to Lawrence Sperry'^s 
work with the , gyros cope., a CurtiSs 
plane flew under the control of the 
.world's first automatic pilot. 

j. With the outbreak of war, the airplane 
developed according to the duties 
***(J-14) pp 160- expected of it as the war progressed. 

195 ' At first, the demand was for slow, 
*** (Aeroscienc£) stable aircraft to allow time for 

pp ^Sd-fi"^? observation and reconnaissance. For 

**{J-147) pp 67-87 months after the war began, aircraft 

armament was in the form of rifles, 
hand revolvers, and even shotguns. 
The addition of the synchronized (able 
to fire between propeller blades) machine 
/ gun revolutionized air warfare and made 

the airplane a maneuverable piece of 
artillery. An outstanding fighter of 

11-27 



2d 



y 



SU6GESTl/)l|S fOR TEACHING: 

a* Suggeit^^ time 



the war was, the British S*E, 5, 
which reached a speed of 132 miles 
per hour and climbed at the rate of 
765 feet per minute* Hugo Junkers 
introduced one of the most far-reaching 
innovations of the war with his all- 
metal, pantilevered monoplane, ^ Other ' 
smaller, but no less significant, 
innovations included the first workable 
air brakes or spoilers, bubble cockpit 
covers, superchargers, and two-pitch 
propellers'. Famous engines to come out 
of the war were the la-cylind^r 360 horse 
power Rolls Royce Dagle VIII, the 8- 
cylinder 240-horsepower Mercedes, and 
the 12-cylinder 400-:horsepower American 
Liberty. Light and heavy bombers, 
forerunners of t^ie transport plane, 
evolve^ from the slow reconnais^ahce 
planes used early in the war. The end 
of the war saw the appearanc.e of large 
multiengine bombers capable of delivering 
7,500 pounds of bombs in a radius of 
1,300 miles. 
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b. You might begin this learnincf phase by relating it to 
the preceding phase .with a statement such as the 
following: "In our last discussion, we learned that 
man has always desired to fly and that his continuing 
efforts led f ir^' to & hot-air balloon, then t^o'a 
hydrogen balloon,, and finally to a motorized rigid 
airship. In this phase, yfe will^ examine another series 
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of developments ,that eventually led to winged flight. 
Instead of balloon flight, which is somewhat artificial 
in comparison with the fligfht of birds, another group 
of air pioneers searched for the secret of flight 
in experiments with the fixed-wing glider. Although 
a fixed-wing could not fly as high as the balloon, 
it could fly further for short periods in. a horizontal 
direction. With the addition of a power source, the 
glider could stay off the ground longer, thus enabling 
it to fly longer distances." At this point, you might 
either show a balsa Jwood glider or a folded paper plane 
to the class or^ ask each member to construct a model 
glider. (See J-148, pp 248-250.) You might then 
begin a discussion on how to change the glider to 
provide better control and performance. You can then 
briefly discuss modem aircraft control surfaces as 
compared with methods of control on early gliders. 
This could lead naturally to^a discussion of signifi- 
cant developments in the evolution of powered flight. 
A Inajor point of emphasis may be the manner by which 
the Wright brothers first achieved controlled flight 
as a prerequisite to powered flight. 

You may find it degirable to use a film at this point 
to show some of the early flight estperiments and 
their results. Th^ high point in these experiments 
came when the Wrights flew' the first heavier-than-air 
craft. One or more of the ^bllowing films might be 
useful as an introduction to* this phase, as reiijforce- 
ment during the study of early aviation developments, 
or as a conclusion to the /study: SFP 355, We Saw It 
Hjappen; SFP 501^ Air Powef — The Early Days; SFP 1240, 
''^rom Kitty Hawk to Aerospace. You might use one of 
these films to summarize /the events leading to the 
Wright brothers' achievert^ents and then introduce the 
next phase by showing lajber changes t)iat occurred in 
aircraft design. / - . 

Your "J" series reference library contains three 
excellent references for use in this lear^ning phase: 
J- 14, History of Flight ; J~122, The Invention of the 
Aeroplanfe ; and J-157, Flight . Another useful reference 
which we- do not include m* the J series, is The Wright 
Brothers by C. H- <;ibbs-Smith. This booklet can be 
obtained from the AiV Force Museum at Dayton, Ohio,' 
qr approximately $.50. It is also available from 
ritish Information Services, 845 Third Avenue, ^New 
York, New York 10022. 
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Although a discussion of the Wright brothers and 
their role in aviation progress may appear to be 
"old hat," a thorough examination of their \ achieve- 
ments in comparison with the achievements of others 
can show just how brilliant their achievements were. 
Such a comparison may well be a means of stimulating \ 
your students to learn more about this phase in the 
evolution of the airplane. Challenge them to deter- 
mine who made the most significant accomplishments 
in the ecirly days of the airplane or ask them to 
suggest what might have been the result if the Wright 
brothers had made their first flights 10 years later. 
Would the attitude of the public have changed during 
an additional 10-year period to the extent that people 
would have been more enthusiastic about the airplane 
as a transportation medium? 

This phase examines in a step by step manner the 
major developments that led to the heavier- than-air, 
craft and its subsequent refinement. Many interesting 
events and personal experiences of early pioneers 
haye been deliberately omitted for the sake of brevity. 
You might suggest or assign research projects that 
will enable students to learn more of the details 
concerning the growth of aviation or the technical 
evolution of the aiarplane. ^ 

> *i * * 

Student'.assignjaent: Read the appropriate pages in 
the text.. ' 
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7. INSTRUCTIONAL AIDS: 

a. FILMS: 

(1) SFP 355, We Saw It Happen, 58 min. , 2 reels, 
B&W, 1954 

(2) SFP 501, Air Power — The Early Days, 26 min. , 
B&W, 1957. ^ 

(3) SFP 1240, From Kitty Hawk tk Aerospace, 21 
min. , Color, 1965. 

b. Other: * 

Aircraft models, paper for folded gliders, or 
pictures of early airplauies. 
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8. PROJECTS; 

a. Construct 'model aircraft df some of the early 
gliders and airplanes* 

b. A model of the Wright Flyer -can be obtained from 
Monogram Models, #PA30., , • 

9. . FURTHER READING: * ■ ' 

a. Air University. History of the USAF . Maxwell AFB: 
Air University, 1965 » pp 1-1 to 1-4^ ' 

b. Chandler, Charles deForest, Col, US Army. How Our 
Army Grew Wings (Airmen and Aircraft Before 1914) . 

■ New York: rHe Ronald Press Con^any, 1943, pp 124- 
178. 

0. Gibbs-Smith, Charles H. The Aeroplane (Historical 
Survey of Its Origins and Development) . London: 
Her Majesty's Stationary Office, 1960. i 

d. Gibbs-Smith, t. H. The Wright Brothers (A brief 
account ojE their work 1899-1911) . London : Her 
Majesty's Stationary dff ice, 1963. 

e. Sujiderman,^ James. F., Maj, USAF. Early Air Piotieera 
1862-1935) * New York: Franklin Watts, Inc., 19617 

f. USAF Historical Division. The United States Army 
. Air Arm (April 1861 to April 1917). Maxwell AFE: 

USAF Historical Division, 1958, pp 20-152. . 



/ 
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PHASE IV '^^ATION COMES. OF AGE 

During.JLts first 20 years, the airplane advanced from 
an idea to an effective weapon of war. But some of 
the more spectacular advancements came during a 25f-year 
period following World /War II • This learning phase 
covers some of the major events in the^ evolution of the 
airplane, beginning in 1920 and ending in 1945. it 
recounts some of the feats of early aviators and famous 
pioneet flights during a period that became known as 
the "Golden Age of Aviation." Also included is a brief 
discussion of commercial aviation and its impact on the 
evolution of the airplane. A concluding section^ reviews 
some of the major chamges in the design and structure of 
the airplane just prior to World War Ii. 

PHASE IV OBJECTIVES - Each student should: 

a. Understand how the barnstorming era and the famous 
pioneer flights brought the world into the '"Golden 
Age of Aviation. 

b. Understand how the early development of commercial 
aviation had an impact on the evolution of the air- 
pleme. 

4 

c. Know some of the major changes that occurred in the 
design and structure of the airplane during the 25 
years between World War t and World War . II. 

BEHAVIORAL OBJECTIVES - Each student should be able to: 

a. Discuss how the feats of the barnstormers and the 
long-distance flights of the twenties and thirties 
showed to the public that aviation was coming of age 

b. Discuss the beginnings of commercial aviation in the 
United States and the growing public demands for^ 
comfort and safety in air travel. [ 

c. Identify the major innovations that occurred in 
airplane design and the names of early planes that 
featured these innovations. 

d. Discuss the design characteristics that made the 
.DC-3 so attractive for commercial and military use. 

1 





TEXTBOOK OUTLINE: 

a. The status of. aviation following Wbrld W^ir I. 
' (1) Influence of the barnstormers. ^ * 

(2) Famous pioneer flights and their influence. 

b. '' The airplane and the public. 

(1) Airmail delivery. 

(a) the Array Air Service. 

(b) Government recognition of commercial 
aviation. 

(2) Gtowth of commercial airlines. 

c. Two phases of commercial airline development. 

(1) European - 1920 to 1933. ♦ ^ 

(2) United States - 1933 to the prfesent. 

d. Major changes in airplane design. 

(1) Civil aircraft production in the United States, 
(a) Ryan monoplane. 

* (b) Lockheed Vega. 

(c) Northrop Alpha. 

(d) Boeing Monomail. 

(e) Boeing 247. 

(f) Douglas "DC" series. 

(2) The shape of the airplane. ^ 

(a) Nieuport monoplane of 1910. 

(b) Junkers cantilever monoplane. 

(c) Application of streamlining by American 
and British designers. ^ 

(d) Changes introduced by the Northrop Alpha 
0 ^ * and the Boeing Monomail. 

(3) Improved propellers and, wing design. 

(a) Reduction gearing. * 

(b) The first metal propeller. 

(c) introduction of the variable-pitch propeller. 

(d) Wing flaps. \ 

(4) Improved engines and fuel. ' 
<a) ' Early engine problems. 

(b) Advent of the radial engine.' 

(c) Development of fuels with higher oatane ratings 

(5) Other innovations. _y 

(a) Navigational instruments. V"""'^ 

(b) The automatic pilot and JrttartiAl navigation. 

(c) The pressurized cabin. I 

(d) Retractable tricycle undere a m' iage . 

e. The DC-3. / , 

(1) Military and civilian uses. ' ^ 

(2) Its technical characteristics. 

(3) Improved maintenance features. 

(4) Its wartime achievements. 
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t^. ORIENTATION; 

As in the preceding phaise, this phase continues our 
examination of major events in the growth of aviation^ 
and the technical evolution of the airplane. Until tl^e 
airplane entered World War I, its development came . \ 
largely from the work of a few private enterprises and, 
individuals who were determined to make it a recogoize^ - 
mode of transpo^rtation. Events included in this phase ^ 
occurred in a period -of 25 yeara between two major wars 
_ and brought universal acceptance of the airplcme as a 
' third dimension in human transportation. 

The feats of the barnstormers and the first record* 
setting long-distance flights will ^roWably generate a 
great 'deal of student interest. You should Capitalize 
dn.triis interest' to show how technical improvements 
enabled veteran aviators to restore public faith in the 
future of the airplane. Major emphasis throughotit this 
learning phas*' should center on the innovations in design 
and struc^ture that vere pointing the airplane toward the 
modern aerospace age. 

5. 'suggested key POINTS'! 

.a. Immediately following World War I, 
aviation progress faltered while * 
aviation and pilots adjusted to peace* 
. . , time conditions, l^either private ' 
'"^ / ' business nor the public accepted the" 

* ' " airplane *^as a reliable transportation 
medium. Consequently, there was only 
*(J-2) pp 17-18 a Jimited -demand for large- numbers of 

*(j-5) pp 13-15 siirplus warplanes which the US Govern- 

*(J-12) pp 293- ment placed on sale for civilian use. 

304 / , The most popular plane of the day was 

***(J-14)-pp 196/ the JN-4 CUrtiss "Jenny" training - 
198-199, 207- planev Many veterajft aviators who were 

218, 232 unable to find employment, elsewhere 

**(Cf-19) pp 27-37 bought surplus "Jennies'" and made their 
**(J-24) pp 78-180 living as barnstormers. Without realiz- 
(Aeroscience ) 4.nq it, these "flying gypsies" publicized 

pp 677-^25 ^ the capabilities of* the airplane and 

restored faith in the future of aviation. 
In addition to the activities of the 
'barnstormers., a number of historic 
long-distance flights, including Charles 
A. Lindbergh's solo flight from New York 
to Paris, showed the public that the 
airplane was rapidly coming of age. 



11-35 



*(J-2)' pp 17-18 
*(J-5) pp 14-15 
***(J-14) pp 199 

202-203, 229., 

243-246 
** (Aeroscience) 

pp 655-657, 677, 

681-684 
***(J-147)*pp 91^ 
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Air transportation's a coiraneVcial enter- 
prise had its be^nning in the United 
States with the delivery of the mail. 
During the war, Army pilots became the 
first flying mailmen on scheduled runs 
between Washington, Philadelphia^ and 
New Votk. With $1Q0, 000 granted. by 
Congress and the help of Army pilots, 
i:he POst Office Department opened an 
airmail route between Washington and 
*New York in 1918 and continued to provide 
airmail * service until 1925. In response 
to growing demands during the twenties' 
and thirties for the Government to con- ^ 
tract with private airlines for airmail 
delivery/ Congress passed four significant 
legislative acts to encourage commercial 
aviation and authorize the Postmaster 
Geheral to make private airmail contracts: 
the Kelly A'ct of 1925, the Air Commerce 
Act of 1926, the <McNary-Watres Act of 
1930, and the Civil Aeronautics Act of * 
1939. By 1933, the Boeing Aircraft 
Company had introduced the Boeing 247, 
an all-metal monoplane that reached spe6ds 
of 170 miles per hour. In the same year, 
the Douglas Aircraft Cbmpany ' in troduced 
the DC-2, a twin-engine, all metal mono- 
plane with soundproof cabins, retractable 
landing gear, a galley for hot meals^,, and 
other major improvements. The DC-2 was . 
followed by the DC-3 which featured the 
latest innovations in aircraft design. 



***(J-14) pp 203- 
205, 216, 232, 
234, 243-245, 
269 

**(J-24) pp 78-213 
( Aeroscience ) 
pp 679r691 

* ( Climb to Great- 
ness ) pp 58-76 



Following World War I, commercial aviation 
passed through two well-defined phases, 
the first dominated by European airlines 
until 1933 and the second by the United 
States from 1933 to the present. The 
first completely enclosed cabin appeared 
in 1919 on a converted French Goliath 
bomber with two 260 -horsepower engines 
and "trousered" undercarriage legs. The 
first major postwar improvement in the 
airplane came in Europe with the introduc- 
tion of the Junkers / Rohrbach, and Fokker 
monoplanes. The first semblance of an 
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airliner in the United States was the 
Ford triinotor monoplane based on the 
Junkers eind Fokker design. The United 
States assumed a leading role in 
commercial aircraft design with the 
introduction of the Boeing 247. 

As a result ,of increased public interest 
in aviation and with the availability of 
radial air-cooled engines, American 
manufacturers initiated a process' of 
iirqprovement that mad^ the United States 
a world leader in commercial aircraft^ 
design^ The Ryan monoplane appeared in 
1927 as the, best streamlined plan^ of 
the day, and, in the same^-'year, an even 
more advanced design appeared in the 
Lockheed Vega, a cgintirever monoEjlane 
that closely resembled, modem aircraft. * 
The first all-metal low-wing monoplanes 
in the United States were the N6rthrop 
Alpha and the Boeing Monomail, also one 
of the first airplanes in the world to 
feature a retractable undercarriage. 
The Boeing 247 was a , twin-engine trans- 
port that evolved from the Monomail 
through the Boeing B-9 bomber and 
featured the same improvements found - 
on smaller single-engine planes. The 
DC-3 series featured major aerodynamic 
and propulsive improvements, including 
cantilever monoplane wings better 
streamlining, variable-pitch propellers, 
more efficient engines, and the efficr.ent 
utilization of higher quality fuels. 

The twenties and thirties saw majot 
improvements in the shape of the air- 
plane and in propeller and wing'' design. 
Demands for increased efficiency brought 
efforts tb reduce drag by streamlining 
the fuselage, and other vital parts of 
the airplanfe, including engine cowlings, 
s tressed-skin all-metal construction, 
wing fillets, and engines mounted on the 
leading edge of the wing. Propellers 
advanced from simple wooden designs to 
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the fixed-pitch metal propeller to 

trtf variable -pitch constant-speed 
type. These propellers automatically 
change their pitch to match the rota- 
tional sp6ed of the engine. British 
designers first used flaps hinged 
upward at the tear center section of 
the wing tp brake the flow of air 
during landing. Later 'developments 
brought the use of flaps hinged 
downward on the trailing edge of the 
wing to increase lift rather than 
{| drag. The most significant develop- 

ments, in the evolution of wing flaps 
came with the -invpnt ion of the slotted 
flap, the split flap, the -^'owler flap, 
the double- and triple-slotted flap, 
and the leading-edge flap. . 

« ■ / . . I 

f . Of all the, improvements xn airplane 

design between World War I and World 

**(J-5) pp 38-39 W&r II, the most far-reaching came 

**(J-13) PR 119, ' with the creation of more powerful 

136-156 engines. A common problem. with early 

***(J-14> pp 81-85, engines was a loss of power from v 

90-95, 104-105, inadequate cooling. The rotary engine 

111, 120-1?2, solved this problem Until 1914,. but . 

153, 164^-203, this engine could not, satisfy wartime 

.20.4, 243-246, demands ^ for more power. The problem 

25*4-256, 266, ' of engine power was solved' by the 

371-376 radial air-cooled engine with a crank- 

*(J-47) pp'll3,' sR^ft rotating within the crankcase 

114, 115-116 and cylinders. The peripd from the 

***( Aeroscience ) early thiorties to the outbreak, of ■ 

pp 63-67 World War II saw the steady advance 

**(J-86) pp 15, of air- and liquid-cooled engines to 

18, 22, 29, 31, power levels as high as 1,500 horse- 

33, 35, 37, 43,' power, almost three times the power of 

44 ! 50, 52, 53, engines in use at the end of World War 

54, 55, 59, €5, I. A striking feature of these 

80, 89, 91, advances in engine power was that 

94-95, 106, 114, engineers obtained more power without 

117, 120, 135,= * increasing engine weight. This was 

137, 138, 142, possible because of higher compression 

143, 14^, 162, ratios and pressure increases provided 

166 by superchargers permitted the use of , 

*** ( Flight ) pp 77- improve^ fuelk.^ 
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***(J-5) pp 71-87 
*** ( Flight ) . PP 
• 123^X30, 90, 
' 101-102, 106 
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^ g. . Other innovations in aircraft design 

C^e with major improvements in navig4- 
tional systems, the pressurized .cabinf- 
and the addition of the retractable 
tricycle xandercarriage. An airplane 
presents unique navigational probljem^ 
because of its capacity for vertical, 
movement and' much hi^^gher speeds in 
Comparison with surface vehicles* 
the early days of flying, pilots 
depended on lamd markings^ to serve 
visual guides over unfamiliar territory. 
The period of the twenties and thi^ies 
saw a number of additions to the air- 
plane's instrument panel, ihcluding the 
directiorial gyros^^ti^e, the "artificial 
horizon,? the^radlo beam, airspeed 
indicator rate-of -climb indicator, 
and others. Some of the moSt important 
advancesj of the period was the intro- 
duction bf the automatic pilot, and 
later, W more con?>lete system known 
as in^rtlipil navigation. Another 



iit^o^rt 
'^aTzed^'c 
^to fly 
change 
additiol 
that, 
featu! 



**(J-14) pp 245, 

269, 370 
***(J-78) Coit?)lete 

text 

***(J-79> Complete 
texLt 
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t development was the pressur- 
in, which enabled the airplane 
igher and faster. Still another 
n airpl^e design came with the 

of a tricycle undercarriage^ 
racted into' the wirigs. This 
made landing and taking off 
eaSier'ffor pilots and more comfortable 
• for, passengers. | 

h. The D(t^2 vas the mo(st famous airliner 
ever built primariliy because of its 
unmatched rel^iabiJLiJkiy aitd economy of 
operation. It served both as a mili- 
tary transport under such names as 
SKYTR^IN, SKYTROOPER, DAKOTA, and more 
. , commonly "Gooney Bird," and as the 
foremjbst commerclaL airliner of its 
day. In addition jto two 850-horsepower' 
radial superchar^jdd Engines which gave 
it a bruising^ spfeejd of 190 miles per 
, hour,' it featured 'alBr-the latest techni- 
) cal advances-H alt-met|il mooocoq'ue 

construction, retractable landing gear, 
engines mounted Dn the wings, va'riable- 
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pitch propellfer^^ wing flaps, and • 
cockpit instjfuxnent;S that permitted 
all-weather and night flying. One 
of its most attractive features was 

jreatly reduced cost of maintenance 
As outstanding as were its achieve- 
ments as a commercial airliner, *its 
achievements in war were even more 
spectacvilar. From all corners of the 
earth came such fantastic stories of 
its endurance and reliability in 
emergency flights that even Douglas 
engineers could n<?t believe them. 



SUGGESTIONS FOR TEACHING: 

a. Suggested timq 
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Number of Academio 
Periods per Week 


Recommended Number of Periods 
for Each Phase 
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b. The inftia.l section of this learning phase can be 
used to arouse the interest of yoMi; students in the* 
growing popularity of the airplane following World 
. War I. You might introduce the phase by directing 
a queati,on^to the students^ such as: "What were some 
of the' factors that led to the ra|>id expansion of - 
aviation after World War Po\nt! out. that progress 
in aviation faltered followi<:ig World War I primarily 
, ^ because the public and' private -business vieWed the 
/ airplane as a weapon of wat and not as "a reliable t 
carrier of passengers and cargo. Consequently, the 
US Goyemiiient came out oi the war with a surjplus of 
wdrplanps and no ready, commercial ma^rket. The barn- 
stormers bought surplus Curtiss "Jennies" either for 
economic reasons or, for the adventure of performing 
in iir dhowg before 'the public. 'Ihey unwittingly 
became' the ambassador,0 of aviation in their demonstra- 
tions before a skeptical public. You might al^o baring 
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out th^t the American free enterprise system *^rovided' 
the environment for earXy flyers to exploit their 
"pidneerihg spirit" and. advance the airplane to new 
heights of achievement. , , 

The \development of, air transportation as a commercial 
enterprise caiv be 'the subject of an interesting 
discussion if ybu point out some of the perils faced 
by early aviators in delivering the mail. ^ The early- 
airmail flights were., in many respects, the -technical 
version of the "Pony Express" of America '«s frontier . 
days. A discussion of these early airmail flights 
can lead to a discussion of Government incentives for 
private contracts and the impact of commercial competi- 
tion on demands for improving the airplane. 

So popular did the airplane become between World War I 
and World War II that the. period became, known as the 
"Golden Age of Aviation." Flying activities ranged 
from daredevil shows at county fairs and the like to 
the heroic feats of daring aviators in mad dashes , 
across continents, oceans, and even the polar regions. 
Heroes and world records came in rapid- order as the ^ 
pi-oneers of flight sought to prove that the airplatte 
was coming" of age. Since there are so many names and 
events associated with this early period," films c6uld . 
be used at thi^ point to present personalities and 
their achievements to your classes. Later when you 
discuss these early pioneers, scenes from the movies 
may stimulate certain students to -contribulie worthwhile 
ideas or to read further into the history of the 
immediate postwar years . . . 

^ i ■ . 

Also, in the ekrly sections of this phase, you may 
find it desirable to assign student research projects. 
Reference books and, other sources of informatibn in 
most libraries provide good background information - 
which the student? can use to prepare ihteresting oral 
reports. Encourage the students to develop unique 
methods of presenting their talks. One effective 
technique used by some ur>its is to assign a student 
the role of one of th? heroes discussed in this 
chapter. He could prepare a brief talk (five minutes) 
on his exploits' >s an early pilot and then answer 
questions from /is classmates for another five-mmute 
period. For this technique to be effpctive, the 
student should play the role as if hej had actually 
gone*. through the experiences. 
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Q»i« interesting ^proagK* to the stu^ly of major 
changes in aircraft^dfesign and structure w?is to 
coaqpare the cohf igtiration of postwar airplanes 
With the airplemes developed durlftg-the first 10 
years t>f powered f light* You might call attention 
^to pictures of postwar airplane designs in the 
text . and compacre them with the earlier Vfright, 
Junker d, ^okker, etnd Bleriot airplanes • Another 
apjJxoach might be "tp list on the chalkboaurd major 
innovations in airplane design during the' 25 years 
between world w«^rs^ , In discussing the make 
sure *to point out 'the fact that this airplane 
incorporated 'ali' the most ricent technical innova- 
tions bfv the day* In addition to the stpries of 
the DC- 3 included iii thd'text, you may have 
interesting anfecckDteS or experiences of your, own 
concerning the DC-^3^*s characteristics. 
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INSTRUCTWNAL AlDSi' 



FILMS: 



(1) SPP>63-1, The Mk Force St6;cy-;rThe Beginning, 
15 min., B&W, 1953. • . ' 

(2) SPP 2^3-1, The Air -Force Story-*After the War • 
(1918|1923)L 14 min., B&W, 1953; 

(3) SFP 263^-3, The Air Force Story.--Struggle for 
Recognition (1924-J^30)., U nCLn,,, B&W, 1953.. 

(4) SPP, 263-4, The Air Force Stciry^-Between Wars 
(1930-1935), 13 min., B&W, 1953> • 

(5k SFP 506, Air Power--Fools , biursdeviis , and 
▼ Geniuses, 27 min. , B&W,' 1957.;' ; * 

(6) ^SPP 556, Air Force Scrapbopjc'; 28?$ pdn. , B&W, 

1957 . ' ■ »' 

(7) SFP -0.240, From Kitty Hawk to Aerospace, 2l'mxn. 
Color, 1965. , 



PRQJECTS:( 

The construction and display of various -aircraft models 
from this, period might provide the student with a better . 
understanding of the events. Seeing a model of Lindbergh's ^ 
pXane or of Amelia Earhart' s / plane might give them a 

• bettex idea of^ the "state ofthe^rt" at that time and ^ 
stimulate them to ask questions about the design and 

"performance of these aircraft that enabled them t6 / 
accomplish . such outstanding feats. V 

9. FURTHER READING: ' 



I 

a.' Becker, Beril. Dreams and Realities of 'the Conquest 
of the Skies . West Hanover, Massachusetts: Halliday 
Xiithograph Corporation, 1967. 

;b. Caidin, Martin. 5^r)is terming . New York: Duell, 
Sloan, and Pierce, 1965. 

c- Ellis, E. H., and Ellis, E. M. Atlantic Air Conquest . 
London: William Kimber, 1963. y 

d. Hurley, Alfred P., Major, USA. Billy Mitchell . 
New York: Franklin Watts, Inc., 1964. 

s 

e. Lindbergh, Charles A. We. New York: G. P. Putnam's 
Sons, 1927. 

f. Miller, Ronald and Sawers, David. The Technical 
Development of the Airplane . London: Routl^dge and 
Kegan Paul, 1968. \ ' ^ 

g. ^Scamehorn, Howard L. Balloons to Jets . Chicago: 
Henfy Regnery Company, 1957. ^ ~ 

h. Sunderman, James P., Major,, USAP. Early Air Pioneer:. 
^(1862-1935). New York: Franklin Wa^ts, Inc. , 1961. 
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PHASE V - Jri|_ AEROSPACE THPfSHOU 

As spectacular as^ were the advances of the airplane 
during the period of the twenties and thirties even 
fuJfther momentous developments came with the application 
of jet propulsion and i^ocketry to the flying machine. 
This learning phase covers tiye beginnings of jet propulsion 
and the application of the jet principle to the airplane. 
Also included is a discussion of rocketry aiy^ its impli- 
cations for space travel. 

In contrast to its status ,in world wlr I, the airplane 
evolved to the point that /it was a dominant part of 
military operations in Woirld War ^11. Momentous changes 
in design not only led to unprecedented improvements in 
the airplane's speedy performance, and endurance , but 
these' changes also enabled the airplane to cariry man to 
the outer fringes of spacer. The chapter, includes a 
■^icussion of these ^improvements and their impact on 
military and commercial aitcraft at the conclusion of 
World War PI. By 1945, large numbers of people were 
flying 'in multiengirie transpprts over ranges of more 
than 3,000 miles at speeds above 300 miles per hour. 
Smaller planes were approaching the sound barrier at 
speeds over 500 miles per hour. The chapter ends with 
man preparing to cross the threshold into the Aerospace 
Age. . 

PHASE V OBJECTIVES - Each student should: 

a. Understand some of the experiments that led to the 
creation of the jet engine, rockfets, ahd guided 
missiles. 

b« Know some of the technological improv^imenlts brought 
to aviation by some of the outstanding military 
aircraft of World War II. / . 

c. Understand the impact of guided missiles and jet 
aircraft on the conduct of war. 

d. Know the contributions of Leoncirdo dai Vinci, Juan 
de la Cierva, and Igor Sikorsky to the evolution of 
the helicopter. 

e. ' Know some of the technological characteristics of 

outstanding airliners to emerge from World War II* 
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BEHAVIORAL OBJECTIVES - Each student sho^ijd be abie to; 



a. Discuss the si^ificant events that led to the 

creation of practical jet engines^ rockets^ and 
' guided missiles. i 

/ ' . ' 

'b\ List the outstanding military aircraft of World War 
, II and the technological improvements which they 

brought to aviation./^ / - . 

i . f • ■ ' 

c. , Explain some of t^e .technical capabilities of guided 

missiles and jet ei^J^raft and their significance in 
the conduct of war. 

d. Describe how the early contributions of ^Leonardo da 
Vinci, Juan de la Cierva, and Igor Sikorsky led to 
the modern helicopter design. 

e. Trace the development of modern commercial airliners 
and their technical contribution to air/:raf t design. 

TEXTBOOK OUTLINE i " ' . • 

a. Jet propulsion and rocketry. 

(1) Early history of jet propulsion and rocketry. 

(2) Experiments in turbojet propulsion. 

(a) - Sanford A. Moss. . ^ 

(b) Frank Whittle. 

(c) Ernst Heinkel. 

(d) Hans von Chain. 

(e) The first practical jet aircraft. 

(3) The modern era of rocketry. 

(a) The wbrk bf Eduardovitch Tsiolkovsky. 

(b) Robert Goddard and practical rocketry. 

(c) Hermann Oberth and Wemher von^ Braun. 
hi The airplcine and World War II. 

(1) Outstanding fighter planes of World War II and 
their technical characteristics. 

(2) Technical improvements represented by medium 
, and heavy bombers. 

(3) \ V-1 and V-2 missiles. 

(4) TThe first operational jet fighters and bombers. 

(a) Messerschmitt ME-262 Schwalbe . 

(b) Heinkel HE 162 Salamander . 

(c) Messerschmitt ME-163 Komet . 

(d) P-38 Shooting Star. 
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(5) The practical 'helicopter. 

(a) Leonardo da Vinci's design. 

(b) Juan de la Cierva's autogiro. 

(c) The Pocke-Achgelis FW-isi and the 
Focke-Achgelis FA-223. 

(d) The Sikorsky R-4B. 

(e) The modem helicopter, 
c. Civil -transport aircraft. 

(1) The China Clipper and the Yankee Clipper. 

(2) Douglas DC- 4 Skymaster. 

(3) Lockheed Constellation. 

(4) , Boeing Stratocruiser. 

(5) Impr^oVements in navigational and landing 
/ faciliti^. 

ORIENTATION: ^ ' ' 

Thi^' learning phase contains two major blocks of sxibject 
matter:- (1) the advent of practical jet propulsion and 
rocketry and (2) the impact of war on aircraft defsign^and 
structure. Your majo;r concern, therefore, is to foci 
on the implications of jet propulsion and rocketry fdr 
the future of human flight and to point how technical 
. innovations in the airplane during wartime btou^ht man 
to the threshold of the Aerospace Age. This phase, 'of 
course, marks the decline of the propeller-driven air- 
craft and the introduction of jet- and rocket-prop^ led , 
vehicles. The chapter concludes with the idea that, even 
with the unprecedented wartime improvements in the airplan6, 
man was still only in the initial stages of* vast new 
dimensions in air power. 

SUGGESTED KEY POINTS; . ' " - ; 

r'k. As the period of the twenties and 

thirties drew to a close, ,€he propellej:- 
(J-4) pp 9-58 . driven airplane was rapidly reaching 

pp 123-125 the peak of its capacity *in speed, 
(J-10) pp 6-10 ' climbing ability, and range. But with 
*(J-111) pp 2-39 ' the application of jiart-propulsion and 

rocketry, the airplane would achieve 
almost unlimited dimensions of power. 
As early as 400 B.C., ArcKytas of Tarentum 
applied the jet princip'le to a flying 
wooden pigeon. .Some 300 years later. 
Hero of Alexander designed an aeblipile. 
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'**(J-2) pp 200-217 
*(J-5') p 31. , 
*(J-13) pp 132-136 
**(J-:14) pp 371- 

376 . 
**(J-19) pp 47-69 
*(J-25) pp 34-49 
'**t Friqht ) pp 82- 

8^ 



which, wnknovm to Hero ^ demonstrate 
the action-reaction principle under 
lying both .thje jet ^glAe/and the 
rocket. The Chinese were probably 
the first to use rockets in warfare 
during the Chinese-Mongolian wars in, 
1232 A.D. Historians report numerous 
rocket experiments in Europe from the 
thirteenth to the fifteenth centuries. 
Roger^JBacon experimented with rockets 
in England; Lehan Preissart discovered 
the principle of the bazooka in Prance 
almost 50 years before Colximbus was 
bom; and an Italian designed a rocket- 
propelled torpedo^ In the nineteenth 
century, Prancis Scott Key spoke of 
rockets in the "Star Spangled Banner." 
But rocketry and jet propulsion did not 
become a practical reality for 'human 
flight until the 1920s and 1930s. 

Sanf ord A. Moss first pointed in the 
direction of a modern turbojet, engine 
in 1900 -when he wrote a thesia on ' 
turbine machinery and in 1902 when he 
experimented with a gas turbine. In 
1928, Frank Whittle sugofested that a 
gas tu^tbine was the only logical means*^ 
.of propelling the airplane at speeds 
above 500 miles per hour. His invention 
of the gas turbine pav^d the way for a 
British aircraft conpariy fo produce a 
jet aircraft in the early forties. In 
Germany during the same period, however, 
Ernst Heinkel underwrote t^o lines of 
propulsive/ research that brought 
Germany to the for'efront in propulsion 
technology — Wernher von Btaun's creation 
of liquid fuel rockets ^lid Hans von 
Chain's development of the first practi- 
cal jet -fighter, ^ the Hei^nkel HE-178. 
Toward the' end of World 'War II, Germany " 
developed a limited number of jet 
fighters thAt could fly 50 miles per ' 
hour faster than Allied piston-engine 
fighters aind 100 miles per hour faster 
than Allied bombers. 



c. 



The modern era of rocketry begcin with 
ithe wbrk of Eduardovitch Tsiolkovsky 
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who-4eveloped a theory that liijuid 
•propellants could be used in rockets 
to achieve spaceflight. He suggested , 
/ ^ 3tep or multistage rockets; to generate 

*r(J-4) pp 9-58 the thrust necessary for flights irtto 

* (J-5) pp 123-126 space* He also^roposed space stations 

^ T^ur 



*(J-10] 



I) pp 11-18 as a ineans >of launching probes into 

(%J-23A) pp 62-97 distant parts of the universe. Robert 
***(J-28A) pp 23-46 r Goddard bebame/the first modern space ^ 
;90-110r 133-155 pioneer in[ his experiments with both " 
**(J-44) pp 9-16 r solid and liquid propellants. He fired- 
31-41r 53-57, the world*^ first docket with a liquid- 
62-73r propfejN^ant system in 1926 and, by "1935, /' 

*(J-46) pp 13-21 had deVe^loped gyroscopically stabilize^ 

**(J-83) pp 17-30 rockets 'tha^ achieved speeds faster 
***p-lliy pp 40- than the spee^ of sound. Few people 
119 , in the United States could foresee the 

vast military potential of the rocket 
at the beginning of World War II. * ^ 
• Germany developed the technique for 

long-range ballistic rocketry with the 
- work of Hermann Oberth. and Wernher von 
. , Braun* Li4ce Goddard /^berth wrote 

detailed tecStaical reports describing 
the requirements for space travel • In 
♦ '.a. little-known pl^ce qaXlecl Peenemunde, . 

•Oberth, von Bravm, and other German 
rocket scientists^ experimented with 
high-thrust, ballistic rockets that 
led to pilotless, guyLded missiles used 
'during' World War' IJ. 

'd* In World War the airplane was still 
something of a novelty unprbven as a 
*(J-2) pp 18-19 * weapon of war, but, in World War II, 
**{J-14) pp 288- major iitprovemen^ in design and struc- 

295, 301, 317, ture enabled it/ to play a decisive role 
322-323, 324- in military operations. With engines 

325, 328-335, of 1,000- to 2, (yOO -horsepower, the air- 

336 y plane not only reached^ speeds above 400 

* (Aeroscience)pp / miles per hour )3Ut also increased its 
728-735, 747- / range cind climbing ability. At the 
751. I beginning of World War II, the British 

Spitfire. , the German Me^serschmitt ME-109 , 
and the British Hawker Hurricane were 
outstanding single-seat, single-engine, 
propeller-driven fighters with normal 
speeds of 350 miles per hour. Improve- 
ments in d^ign and engine power* enabled 
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Spitfire to re^^ spe^dK 



^ ^ ^ ^ above 440 

miles per hour be^ozre the end of 'the 
War* Two outstancjing American fighter 
planes were the P-^51 Mustajag and the 
Thunderbolt , The Mustang was an all- 
metal, stressed-skio monoplane that 
\ reached a maximum speed of 390 miles 

. . per hour at 8,000 feet on its initial 

f ligjit, but later versions with improved 
engines -reached a top speed of 442 miles 
per hour at 24,000 feet and climbed to 
, 20,000 feet in 10 minutes. The Spitfire 

and^e Mustang were the^fastest piston- 
engirte fighters in service " at the end 
, of th'e war. The Thunderbolt was the 

first 2,000-horsepower , single-engine 
j fighter built in the United States. 

It reached a top speed of* 427 miles 
per hour and served as an escort plane 
for B-17 and B-29 bombers in raids over 
Europe. . Toward the end of the war, 
' such fighter planes as the P-38 Lighi:- 
ning flew at altitudes of 40,000 feet 
and climbed at a rate of 5,000 feet \ 
per minute! 

'* ' i 

' e. At the beginning of World* War II, such 

medium bombers jas the Blenheim , Beaufort, 
*(J-;2) pp 18-19 and Junkers JU- 8 8 , carried approximately 

**(j-14) pp 288- 1,500 pounds of bombs at speeds of 270 

295, 301, 317, miles per hour over a radius of 1,000 
322-323, 324- miles. Heavy bombers, such as the 

325, 328-335, Heinkel 111 and the Wellington carried 

336 4,500 pounds of bombs at speeds of 250 

* (Aeroscience ) pp miles, per hour over a radius of 1,250 
728-735, 747- miles. By the end of the war, the 

751 American medium bomber, the B-25 

Mitchell , carried 2,000 pounds of bombs 
at 300 miles per hour' over a 500-mile 
radius. • Another American medium bomber, 
the Marauder, carried 4,000 pounds of 
bombs at speeds of 287 miles per hour. 
' * Some of the most significant innovations 

^ in aircraft design came with the intro- 
duction of heavy four-engine bombers^ 
The B-17 Flying Fortress carried 13 
machine guns in revolving turrets and 
flew at altitudes up to 35,000 feet 
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,with bofhbloads of as much as 20,800 
pounds. \It had a top speed of 295 
miles per\wur over a radius of ITtwQ 
miles. An advanced version of the . rf 
B-17, the B-2>- «uperf ortress . had a 
top speed of more than 350 miles per 
hour and a range o€^ 8,400 miles. An 
advanced version of the-^-29, the 8-50, * 
appeared with a top spefefli of 400 miles 
' per hour emd a range of d,OQO miles ^ 

with 10,000 pounds of boIt^^s. As 
inures sive as were tl^ese armored 
battleships of the sky, they became \ 
highly vulnerable targets as fighter \ >. 
plane speeds increased. 

Germany's introduction of guided missiles 
.and long-raiige rpckets added a new 
*(J-14) pp 334 dimension to the conduct of war. Here 

^^*(J-23A) pp 94-97 for the first time vas a weapon that 
***(J-44) pp 53-|62 could be delivered to enemy territory , 
***(j-.57) Entire without an aixrplane to carry it. it ^ 

Book represented the first practical applica- 

***(J-111) pp 65, , tion. of the jetj^g^inciple to a weapon of 
/ 71, 72-73, \ warv;^^- The first^uch weapon was the V-1, 
(' 100, 104-105, *^ a pllotless monoplane equipped with low, 
115-121, 122 swept-back wings, 4md a pulse- jet engine,. 

It carried about 2,000 pounds of explo-r 
sive for 150 miles at a speed of 400 miles 
per hour. The most significant develop- 
i ment in guided missilelry came with the 

V-2, a pilotless missile propelled by a. 
liquid-fuel rocket. This missile could 
fly at a maximum altitude over 300,000, 
feet, a range of 200 miles, and had a > 
top speed of 3,500 miles per hour. 

g. With the successful test flights qf'the 
Heinkel HE-178, Germany introduced one 
of the war's most spectacular airplanes, 
*(J-14) pp 334, the Messerschmitt ME-262 SchwallSe which 

371, 376 was the world's first operational jet 

**(J-24) 216-219, fighter.^ Two axial-flow Jumo engines , 
. 240-241 gave the ME-262 a speed above 5Q0 mile^ ' 

per hour and a ceiling of 40,000 feet. 
Another noteworthy German jet fighter 
was the Heinkel HE-162 Salamander which 
became operational in 1945 at a speed/of 
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520 miles per hpur. Germany also 
fntroduced the \^orld's first heavy jet 
bomber, the Jxinkers JU-287, which 
^reached a speed over 500 -miles per hour\ 
?ith 8/800 pounds bombs. Another 
s^ei^tacular Germaii pi^qduction was the 
world^s first rocket-jet>alrplaneV the 
Messerschjpaitt ME-163 Komet tighter'. 
Equipped with swept-back wii^s and a 
liquid-fuel rocket motor, it could. fly 
at the rate of 590 miles pgr hour' ^d 
climb to 30,000- feet in 2h minutes. 
The US response to the fligh^t of German 
jet-propelled aircraft was^ the P-80 ... ' 
Shooting Star , a sleek, . single-engine , 
jet with a speeci .of 575 miles pfer Hour. 

ppnf yonted the problem of space * 
req.uired for winged aircraft to t^ke . . , 
>ff and landMong befo'r^ the^adV^ent of « 
the modern high-sp.eed airpl^e.' For 
years, •flying enthusiasts toyed, with' 
,the idea pf raising a. conventional air-* 
•craft vertically with, a horizontally 
rotating propeller,. =They needed a vehicle 
capable oj taking off and landing iri 
small areas , 'trave.ling a*t low speeds, . ^ ^ 
hovering in the air, and moving backward 
and sideways. The obvdouis solution was 
the helicoplrer. Leonardo- d^ Vinci made 
the first, recorded slcetch-of a heli6o|)ter, 
an^a'^orge Cayl^y built a toy helicppter. 
But the first semblance of a practibal 
helicopter was Juai? de la Cierva's auto-., 
giro.* .This machine, an ordinary airplane 
with a huge windmill moto?SLn$tea4 of , . ' 
wings, could ris^ vertically tp a heigh,t 
of 20 tp. 30 feet bejEore it began its- r , 
forward flight. The Focke-Achg^lis TV jl 
built by German engineers in* 1936 was ' 
the . first' fully^ operational helicopter . 
With ;a standar^d .propeller on, the front . 
and ^ metal framework topped by xotors 
on each pide/^ it could ciimb to an . * 
altitude of ll,2M feet* and' fly •at.ar / 
speed of 75 mileavlper hour. The Focke-*^ 
^Achgelis, FA-223 Was ^th'e first productipn 
helicqpter in the history Pf aviation. 
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Book 
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Igor Sikorsky built the Jfirst practical 
and controllable ^helicopter in the «-4B, 
•a machine that had a three-blade main \ 
rotor 38 feet^ in diameter and » three- 
blade controlVLable-pitch rotor £f feet ' 
in diameter. I The modem helicopter is 
an indi9pensai:)le element of the Aerospace 
Age> both in toilitary and civilian uses. 

Although a kGhbe^^ ciivil 
air-routes wetttestablis^Gd by 1939, only 
token efforts had been made for scheduled 
tfansbceanic services by the Pan American 
Airway^ China Clipper and ' Yankee Clipper . 
The DCr3 was the backbone of civil tjcans- 
port aircraft throughout World War IpE. 
The^moet significant development in I 
ycorametpial transport caine with the , 1 
app^arknce of 'four-engijfne bombers. ] 



Thefee,aiircfaft, particularly the B-29 . 
Sup4rfbrltress v made & routine perf ormanie 
\of llijyisoceanic and transcontinental 
trave|Lj and convinced' the public, that 'the 
whole world was ati leist withan the practi- 
1 cal rangd of the airplane. This achie ve- 
il mentj led Ito a whol^ new series of four- ^ 
U engine transports-rthi Douglas DC-4 
rH skymasiter l the Lockheed Constellation , 
1 1 and thl- ^l^-!— e4.^4.^J-,,rrrr i^^^Z^^ 



\a \ jaircrai 
200 mi] 
t<) 3,5( 
ary ch< 
speed J 



eing Str^todruiser . These 
lew at spe'edB of more than 
5X )iour ove^ 



s pe 



6. 



. - _ ranges /)f 1,500 
iO nliles. In additibn to i^eVolution 
^ngiBS in civil tiiknsport design,, 

and range ^ the wk:^ Ir " ' — • 

iJiprove^ents in navi^gation< 
facilities, *i?xcluding radi< 
I *colnm\iniicationsi systems 
I \ lighting systems. 

mESTIONS/FORHEAtH^NG:' \ * >^ 

a. Suggested time , * 
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il and landing 

and rada^ • . ' 
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b. One possible approach for presenting this learning 
phase to your class nii|ht be to determine the exact 
r role of your compiunityH city, and state in kerospacte 
activities, it might ;also be helpful for you to kribw 
the nanies of local citizens who contribute to this " 
^ole. Thi^ preliminary discussion should, generate 
interest on the part oftj^our students in the background 
of tl^e jet engine, the rocket, guided missiles, heli- 
• copters, 'and commercial airliners. Models, diagrams^ 
or cc^lorful' illustrations of these aerospa<3e vehicles 
Could be hfeed' t;o reinfo2;ce your discussioivH 

c: For your, study of rocketis, lyou might find it possible 
^ to fire a( small rocket on ypur school campus to 
- illustrate some of^the difficulties faced by early 
« rocket pioneers.* ' 

d. Another approach is to divide the class into small . 
cfro^ps and assign one student to play the role of a 

' scientist in modem rocJ^etry or jet propulsion and 
cinother to play the role cjf a news reporter. Still 
aivother student could present a nara^tive explanation 
of events covered in the in teryiew.^>au might appoint 
smother member of the 'class to demon stra^ models or 
point out specific objects or events on illustrated 
pos/ters. Such assignments should be given well in 
advance to allow time for the students to prep^rfe^ 
properly* This type of group activity can also be 
^ adapted to other material in this learning phase. 

e. You might assign individual students to play the 
role of Goddard, Whittle, Chain, von Braun, or others 
The assignment could cover the periods in these men's 
lives when they were experimenting with rockets and 
jet engines. In a question and answer period, the 

J student would answer questions as if he were the 
scientist being studied. The role-playing student, 
the class, and the instructor must be well prepared 
for this type of class activit^Jr to be worthwhile. 

f . Some of the material in this learning phase can be 
presented by guejst lectuters. You might invite a 
science teacherul a sociai^ studies teacher, or a 
looaJL. aerospace Official to' lecture in an area of 
his interest or iSpecialty. The material can also 
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be adapted to the team teaching approach. For 
this approach, y6rli could enlist the services of 
teachers, local goyemioent officials, aerospace 
officials, and others who have Specialized 
knowledge in a given area. 



Transparencies listed jcor 
should be used only fair ih 
and not for a coicprehensiye 
subject. 



i istructional aids 
t roductory pur^ses 
coverage of a given 






INSTRUCTIONAL AIDS: 

a. FILMS: 

(1) USAF 



(a) SFP 595, Road- to the Stars. 27.- mri. ,. 
Color^ 195^. , . ' . / - • 

(b) SPP 660, pie Widest Horizon, 28 min. , 
Color, 19B8. , ; , / ^ 

(c) TF 5622^^68306 in Perspective,' 27 mixu 
Color, 1965. 




. (2) NASA " 

HQa 54 Father of the Space ^Age,' 18 min.> fii&W, 
' 1961. ' ^ ' , : • 

b. TRANSPARENCI^ : ' , . 

(1) T-35 Regions of the Atttosphejre 

(2) T-34 .0ivi8ion o^ Space . - * • ' \. 

(•31 T-3J ii-quid .Pr^pellsint. Rockei: , " . ' 

<4) T-39 ^cket. Engines* „ 



\ 



\ 
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a» ;PROjECTSi 

a.' Students can build various models of helic^rters, 
jets,^ :<:oiamerclal Wr craft, and rockets. 

i h. If school and local policies will permit, conduct 
an e;q>eriiiijent ;in launching a small rocket. (Write 
t6t a free Centuri Model Rocket Products Catalog 
from the CSehturi Engineering Company, P. 0. Box 1988, 
Phoenix, Arisfona, 85001, and a Model Rocketry Catalog 
from ?stes Industries, Inc., Box'^27, Penrose, 
Colorado 81240.)' 

. c. If you live in an* area near em aerospace activity, • 
. you might conduct a field trip to obMrve jet 
aircraft rockets, or helicopters firsthMid. Such 
a project should be a well planned acti\n?ty with a 
re^pOhsible assignment for each student. 

9* FURTHER READING: 

a. Davies, R. E. d. A History of the World's Airlines . 
New York: Oxford University Press, 1964. 

b. ' Loening, Grove?, Takeoff into Greatness . New York: 

G. P. Putnam's Sons, 1968. 

c. Miller, Ronald and Sawers, David. The Technical 
Development of Modern Aviation . London: Routledge 
and Kegan Paul, 1968. 
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. ; i PHASE VI - THE MODERN AGE 

This learning phase focuses on major devblbpments inX 
aviation and spaeef light since World Warlll. Folloytng 
a brief ejcaitiTnation of signifix^xArXerodTOamic and 
structural improvements in aircraft d^si^. brought by , 
the jet engine^ the chapter describes the impact of 
theee improvements ox) military and commercial aircraft 
and cites examples of outstanding aircraft to show how 
far the airplane has advanced since the first glider 
flights of the Wright brothers. It then traces postwar 
advances in rocket technology, ballistic missilery, and 
the beginnings of space exploration. It concludes with 
the idea that, despite unprecedented technological 
advancement, man has only just begun to realize the 
ultiit^ate possibilities of mechanical flight. 

!• PHASE VI OBJECTIVES r Each student should: 

a. Know why the term "aerospace" has replaced the term; 
" aviation" as a reference to modern space vehicles. ; 

b. Be familiar with the impact! of ^-the jet engine o|n 
aircraft design. ; 

» 

^ c. Understand some of the characteristics of the outstarid 
ing military and commercial aircraft that developed 
in the period following World War II. 

d. Know the events that brought the United States into 
the long-distance missile field and space exploration. 

e. Know some of the possible futxijre developments in 
winged flight and space exploration. 

2. BEHAVIORAL OBJECTIVES - Each student should be able to: 

a. State why the term "aerospace" is a more logical 
reference to the modem generation of flight vehicles. 

b. Identify specific aerodynamic and structural innova- 
tions in aircraft design that came with the practical 

* application of the jet engine. 

c. Discuss the technical characteristics of outstanding 
military and commercial aircraft of the post-World 
Wcu: II period, giving pai;ticular attention to modern 
jet aircraft. 
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d. Trace the development of intercontinental ballistic 
missiles in the United States and the events leading' 
to space exploration. ^ 

a. Give examples to illustrate some of the futur^ 

possibilities iri winged flight and space exploration. 

TEXTBOOK OUTLINE: ^ 

a. The iiew flight environment. 

(1) . Limitations of the term "aviation." 

(2) The context of aerospace. 

(3) Symbolic events of thje Aerospace Age. 

b* Aerodynamic and structural innovations in aircraft 
since 1945. 

(1) Problems faced by engii^eers in the immediate 
postwar years. ^ 

(2) Innovations that overciroe the sonic barrier. 
(3-) The problem of temperature and stress at 

supersonic speeds. 

(4) Improvements in engine design. 

(a) Turbofan i 

(b) Ramjet ' 

(c) Turboprop 

(d) Rocket. 

(5) The instriament panel, 
c. ^lilitary -aviation. 

(1) Early American military jet aircraft. 

j(a) -Fighters— F-80 Shooting Star , F-84 Thunder jet , 
F-86 Sabre , F-89 Scorpion » fF-94 .Starfire , 
• wF-84F^ ^understreak , F9F Cougar . 
. (b) Bombers— 874^ Tornado , XB-48^ B-47 
^ Stratojet , B-^l Canberra . 
{2) Supersonic aircraft 
(a) F-lOO Supersabre 
Kb) F-101 Voodoo 

(c) ' F-102/ Deuce 

(d) F-104 Starfighter 

(e) F-105 Thunder chdef 

(f) F-106 Delta Dart ' ^ * ' 

(g) F-4 PhantQm 

(h) F-111 . ^ 

(i) B-58 Hustler 
(j) PB-llI ^ 
(k) F-14 . 

i (1) F-iy 

(m) yF-12A 





Cargo emd transport aircraft i 

C-47 ^ i ' r 

C-lltf Flying Box^^ar f • 

€-124 Globemaster * 
0-130 Hercules . • , • * 
C-133 Cctrgomaster. 
;c-135 Stratotanker 
-141 Starlifter 
Galaxy 

ai aviation - ^ 

Mc/derK cbininercial airline flight 
Outstanding airliners of the post-World War II 
j)eriod 

. (a) Douglas DG-6 and -7 series 

(b) Boeing 377 Stratocruiser ' ^ 

(c) Lockheed Constellation 

(d) Super Constellation 
(3) Jet airliners and freighters 

(a) De Havilland Comet / 

(b) Lockheed Electra 

(c) Boeing 707 ^ 

(d) Boeing 727 and 737 series 

(e) DC-8 and DC-9 

(f) Boeing 747 and 747P 

(g) The supersonic transport 
Beginnings of the Space Age 

(1) Early Air Force long-distemce missiles 

(a) JB series 

(b) Snark and Matador 
(c) 

(d) 

(2) The Hermes progi)am 

(3) Operation Bumper • *' 

(4) The Redstone and Jupiter missiles 

(5) Sounding rockets 

(6) Unmann'^d spacecraft 

(a) The Sputniks 

(b) The Explorers 

(c) Met,eorological and communications satellites 

(7) Interplanetary probes 

(a) Luna and Ranger spacecraft 

(b) Lunar ^Orbiter 

(c) The Pioneer and Mariner ^series 

(8) Manned spacecraft . . 

(a) Mercury 

(b) Gemini ^ 

(c) Apollo 
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Putiire aerospa^ dfevelopmei^ts 
(1) Winged f Xigbt \ ■ ' 

. <a) Improved subaortic airliners • 

" ai?c?afr^^^^^°" °^ vertical flight 
(c) Private \4ircraf t ' 
Space explora\tiion 

(a) - Skylab— Orbital Workshop 

(b) Permanent space station f 

(c) The spacp shuttle \ K 



(2) 



brief review of major 
nvironmeiltt since World 



resent 
scienti 



pklENTATIONs 

jhis lea^mlng phase presents 
dl^velopmfents in the aerospace 
W^ II. No attempt is madis t 
ex^nation of te.chnoXogical and\ 
Uie^t brought unprecedented , changeV in wi 
the beginnings of space exploratidn. m 

show your%tudents>w rapidirthe air^iL^^^® ^° 
since the first susSinftdffitLS\* advanced 

extend his domain beyond the upper aS^osphe?e Sto space. 




ailed 

breakthroughs 
flight and 
1» the chapter 
provide the 



5. SUGGESTED KEY POINTS: 



***(J-148) 
PP 13-31 



?^on,^i?f '^^-^^^^ f"ed man . 

#rom the limitations of surface travel 

^nJSn.^^ ''^^^^J Ultimately 
Um^S f invisible barrier whiJh 

ihS^ "PP^^ boundaries of 

tne earth s atmosphere. But man had 
already developed new and revolutionary 

create a whole new / generation of fliohi- 
vehicles. With j ei'^and. rocket engiJIs 
^L^l^^ only achieved unprecedented ' 
speeds within ^e earth's atiposphere 
but also boosted his .flight beyond ?he 
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earth's atraospher:e>hto space. These 
achievements forced *^pi^ton-engine air*- 

craft into obsolescence .and, at the 

same time, made the terfn "aviation", 
an inadequate reference to the modem • 
generation of flight vehicles. Modem 
^ jnan iuypews *f light in the context of 
aerospace^ a total area that encom- 
passes both the earth^s atmosphere 
X and outer space. 

. b. 'In less than 70 ^ears since the Wright 
brothers^ made their first sustained 
flight, rapid iitprovements in aerody- 
namics/ engine technology, and metal- 
lurgy produced fantastic increases in 
* the airplane's speed.. These increases, 

in tvirn,' required a nvinber o^signifi- 
cant innovations in aCircraft design. 
\ As the airplane. reached speeds of 600 

\ miles pei; hour, engineers added hydrau-, 

lie contrbls, special ejection seats, 
pressurized cockpits, refrigeration 
, systems, and numerous ' automatic 

controls. At speeds above 650 miles 
per hour, (the speed of sound), the 
airplane^onfronted a cone-shaped 
wave of froinpressed air knowh as the 
sonic baafrier. ^ To overcome this 
**(J-14) barrier, it took the shape of a giant 

pp 370-405 50-caliber bullet ^nd„ added swept- 

*** (Plight) pp* back wings. At supersonic ^peeas up 

176-191^1 , - to 2,000 niiles per liour, a boundary ^ 
' * " layer of air increased the temperature 
of the airplane's outer aluminum 
surface to a dangerous level. Engineers 
are solving this problem with methods 
such as applying thin coatings of 
heat-resistant titanium. High speeds 
also caused the stresseci-skin struj:- 
tures of conventional aircraft to 
buckle.' This problem led to wings of 
thicker metal sheets and the use of 
honeycomb material of steel and ceramic 
to provide a smo6th. ,skii!i^ and protect 
aircraft fuel from extreme temperatures. 



11-62 



ERLC 



64. 



c. ' Continuing ail^rances in engine power 

^aa a major contributing factbr in/ 
**(J-13) pp 156- these innovations. The most signlfi- 

167, ni^l'JZ cant improvement in the pure gas f/ 

176-184, 185- A turbine erigine came with the/ turvldfan 
233 . ^engine which provides a gtefater/f7 

**(J-14) pp 373- thrust wirth less fuel. Iri coxt^^ison 

399 with the/thrust range of L,boo \^ 

**(J-25)^p^ 34-49 1,100- pounds of early tu^djet ^\ 

engines i modem turbo jets have thrust 
ratings as high as 40,000 founds./ 
Bul^ as the power of the turbojet i 
increased, the rapid compression/ of 
air thrust into its intake ducts / 
created dangerous incre^Aseis in air / 
ten5>erature. To soXve/7this problem, } 
engineers created the ^implest and / 
most modem jet engine design yet y 
known — the ramjet, which has neither ; 
compressor nor turbin'e. Commercial 
airlines first consiaered the turbojet 
engine too expensive for civilian ^ 
^ ^ transportation and usled the turpoprop y 

until improvements in the turbojet / 
engine made it economically pr/actical. 
Although the rocket engihe can be used 
fpr jet-assisted taJkeoff, it xs used/ 
pr^imarily a booster for missiles 
and spacecraft. Numerous other ^ 
improvements in materials, construc1:iort , 
and design make the modern jet/airplane 
unbelievably complex. One of the" ^ 
most obvious evidences- of its growing 
complexity is the pilot's instrument 
panel, consisting of more ^ than ,150' 
. dials and controls and built-in^ 
coit^uter readouts. ^ 

d. Most of the innovations in airplane 
design during the 1930s first appeared 
on commercial airliners, but the v 
milit2^y ustd "the jet engine for ^ . / ^ 

' almost 10 years before the commercial 

airlines accepted it. The military 
made fantastic advances ;ln the applica- 
tion of jet propulsion to fighter and 
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bomber aircraft in the immediate 
postwar years. Since speed was' rnofe 
*(J-14)^ pp 373- important than range and early jet 

399 engines consumed too. much fuel for 

(J-21A) pp R-21, use on large bombers and transport 
R-38, planes, the military first usqd jet 

R-44-45, R-4^ engines on fighter aircraft. Out- 
R-62, 69, 71, standing early American jet figh^ters 

76-80, 88 were the F-80 Shooting Star , F-84 

*(J-24) pp 250- Thunder jet , F'-86 Sabre, F-94 'Starfire, 

346 F-89 Scorpion , and 'the F9F Cougar . 

*(J-25) pp 98-99, These planes reaqjied speeds of 550 
105-106,^/108; to, 700 miles per hour. In 1946, the 

110-112yjri21- Convair B-36 became the first American 

123 j' jet bomber when it added four turbojet 

/V engines for takeoff^ dnd combat. . The 

first modern jet-propelled bomber 
came in 1947 with the flights of the 
XB-46, XB-48, and the six-engine B-47 
Stratojet . These aircraft jfeached 
speeds over 600 miles per Iftur. The ' 
period from 1950 to 1960 saw the 
introduction of such supersonic jet 
fighters and bombers as theT F-lOO 
Supersabre , FflOl Voodoo , F-102 Deuce > 
F-104 Starfighter , F-105 Thunderchief , 
F-106 Delta Dart , and the F-4 Phantom . 
One revolutionary development in 
. fighter aircraft was the F-111 with 
Variable-sweep wings that can be 
adjusted during flight. This aircraft 
has two turbofan engines capable of 
/speeds from 100 to 1,85.0 miles per 
hour. Our newest fighters, the F-14'] 
and^^l5, employ msmy new concepts 
also. The B-52 Stratof ortress was an 
I \ intercontinental jet that reached 

, a mciximum speed just below the sonic 

range. The first American supersonic 
bomber was the B-58 Hustler ,^ capable ' 
of a maximum speed of. 1,l360 miles per 
hour at 35,000 feet. THe latest 
American bomber is th^ swin^-\ 
FB-lll. Outstanding military 
ports to enter service ^etweier 
and 197r were the C-110 Flyin g.,J^^ar , 
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e. 



-13) 
J-2U) 
R-24, 
(J-25) 
88-96 



pp 22-40 
pp R-21r 

R-39-40 
pp 84-86, / 




f. 



the C-124 Globemaster . C-130 Hercules,' ' 
C-133 Cargomaster . KC-135 Strato'tankg r . 
C-141 Starlifter . and the C-5 GalaxyT ^/ 

The modern commercial airliner repre- , 
sents the ultimate in passenger comfort. 
Passengers on early airliners ehdureQ^ 
the smell! o£ avj^ation. fuel, : the roar 
of .pr6pellers, overcrowded seating ' 
arrangements. Transoceanic flighty 
were unknown 40 years, ago. Today, 
' airline passengers cross the' Atlantic ■ 
Ocean in" about six ho\irs. • A. single • 
f airliner on one transcontinental flight 
J can carry more people than made the same 
trip during the^nti/re fitst year that 
traiiscontinerital sejtvice -was available. 
For diinost 10 yeai?'a' following Wo^ld War ^ 
II, the United Staples dominated the 
world airline maj^kfet with such outstand-' 
■ ing airliners as the Douglas DC-6 and ' 
-7 series, 'the Boeing 377 Stratocruiser 
the Lockheed Constellation , and the ~~ ' 
Super Constellation . TEi~first jef 
airliner to enter commercial service 
was the De Hayilland Comet in 1952; 
American designers compromised with 
the foremost turboprop aircraft; of 
the day—the Lockheed Electra . The 
Boeing 707 was the first pure jet . 
airliner to enter service in the Uhited' 
States. ' In later years, this airliner ' 
served as the basic design for a series', 
of medium- and short-range jet airliners, 
such, as the 727 and 737 series. Another' 
revolutiopary development in. civil air 
transportation ,Was the introduction 
of /the sO- called jumbo jet, the Boeing 
747, .which is the largest plane ever 
built entirely for commercial service. 
/Great Britain, France, and tiie Soviet 
/ Union have concluded .flight tests 'with 
_5lipersonic 'transports capable of speeds 
above mach 2. ■ . ^ 

The modern rocket developed as the 
practical answer to a military need. 
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. / TSie Air Force entered ^e long- ^ 

distance 'missile: fiel/J in 1M4 .wiQx , 
*(J-14) pp 396- 1 ' the JB jet-propelled guided bomb 
Z9l ' •' series modelled aftfer the 'German' 

'*f (J-21A) pp R-'lOO- V-1 used in Worlii Wclr' II. ■ T^ese wef^ 

139 , ■ suBsoitic.wingtfd missiles with slow . 

♦*»(jJ23A) pp 100- , cruising sjpeeds , ' -Oth^^r suljsoivi.q.- ^-n! ■ 
■" 120' - ' missiles- in service betT^een .1^44'*aind*\ 

''.■**(J-25) pp 160-183 19)60, were the Sreaf k , Ijlatador / ' an<y .Mace . 

*(J-44) pp 42-49 . The next ,step' in. the^ develophient/of , . . 
t ***(J-111) pp 116- •' Americaji ICBMs vas the Navaho, vmich 
201 * - - pro-^acled the' techriologiceil baSi^ for- 

such missile? as the Jupit6r , Thor, 
' - Atlas , Hbund Po^ ,, and njdinuteinan . • 
Further developments in b^llJistic . 
' "missilery came with' the assignment of* 

■■■ Werner von Braun to^ the Hermes/ program 
.'aii^ Operation 'Bumper, which l^d ' 
'direc^tly to the Redstone and Jupiter 
' ' ' ' . missiles'. These missiles, set the , ■ - 
. ' stage f<?r an entire arsenal of short-, ^ 
> ' "mediuiftf and" long-range jnissil^s 

capable of cararying warheads to any . 
point on the earth. " ■ . 

. . g. . In addi/tipn to i±3 use as a military 

. . weapon! ^ the .rocket has furnrshed 

' ■ .■ . power, for magnificant achievements „.. 
. ; .^' in the exploration of space.. As. a 
■ . , - ' prelude, to entering the space environ- 

- inent, scientists used, sounding rockets 
ta obtain information on the upper 
..' ' reaches of the., earth !:s atmosphere and, 
. ■• outer space. "The Space Age Began on > 

^ ,s ' ' • 4 October 19S7 when the Spyiet Union '.. 

' • i s- ' ■ launched thejworld's first artificial- 

*i .' -satellite. Sputnik I, followed injj,,^ 

' . ... - ;- quick succession by Sputniks 2-artd-3. 

J9 The first orbiting US satellites were 
• ■ * % . Estplofer' 1' and 2- launched in 1958. 

' . ' ■ ' : ■ FoH'owing--JtheseVinitial flights; the 

; - . ' ' • "United States achieved outstanding 

' ' . ' •' , 'successe,g.;,^th'^a series- of m^^teoro^ 

'* , . -V" • ' /' iogjtoflfl *4nd conjmunications satellites 
■ ' .. • ^ ■ • . . which trdbnsmit ted pictures; artd' sci^erlti- 

' fic datk milliohs ,bf miles thrgugh 
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; (J-5) pi) 13^-147 ^ 
(J78) pj>l 11^105 
»*(J-23A)' pp 120-2^7 
|l(J-25) t):3_ 186-247 J 
J-44) pi>l 42-49,^ 
?4-145 

^*(J-105) pp 4-11 
16-55, 56-71 
^*(J-111) pp 2t)2-220 



space to the earth. /With more powerful 
rockets' aijid sophist;.cated gui'danqe 
systems, both the United Istates abd 
the Soviet Union l'aimche(3l* a series* of 
interplanetary probate wiitft unmanned 



spacecraft under thejname 
Ranger , Surveyor , Lunar 0 



of Luna, 
biter, 



m Vr2 rocketS' 
sounding - 



Pioneer , and Marineg^ F? 
to ballistic missiles , to 
rockejts, to unmanjied spacecraft, thee 
rocket advanced in power to the ,jioint 
that manned spaceflight became a 
reality. Manned spaceflight in the 
United States began with t^ie.organiza 
tion of Project Mercury in 1958 and 
continued through/ a period of about 
12 years ^with the Gemini experiments 
and finally the Apollo moon landings. 



h. 

**(J-2) pp 398- 

404, 405-406 
*** (Flight) pp 145- 

176 ' 



[n vli€ 




In v{iew of almost unlimited sources of 
engine and propulsive power, modern ' 
scientists recognize absolute 
barriers to the further development 
#of any type of flight. EveQ with . 
the outstanding technological achieve- 
ments represented by the X^15, the 
C-5 Galaxy , and the Boeing W47, an- 
entire new generation of winged air- 
craft will probably become of)erational 
during the decade of the seventie 
I^T$>rovements in turbp^et prlopulsiAn 
sVst^iUs now make it jgjgis'sible to t>m.l^* 

- ' . -1--.. subsohic 

t hopsVof 
fe'riod of one 

hdur or less. In. th^^ri©t too distant 
duture, people ^may traveX from city \ 
to city on a new generation "of verti)pal 
flight aircraft. that 'will take off \ and 
lahd (VtOL) like, the helicopter. ihUV 
aircraft will fly at a cruising spefed 
between 350 and 500 miles per hour an 
then slow 4jbvm and descend vertically 
private planes also will undergo 
revolutionary changes* in powe^* and 
design. It may be .a small conrtpact 
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^drcicaft .shaped like a thumbnail 
and oowered with turbine engines. 
Capa)le of making short, tsdceoffs or 
hove::ing near the ground, it could 
operate from small fielas, dowatoyn 
airports, or highways. ^ i 

Space explo;ration offers almost I 
infinite future possibilities. Th 
decade of the seventies may see a 
shift in emphasis from experiment?!:, 
spaceflight contirol to the scientist 
and the laboratory. This will require 
a permanent spacei station in earth 
orbit i|:apable c|f jsustaining people for 
prolonged periqjd4. The launchingiof 
a Sky lab or Orbjital Workshop will* be 
the first step toward such a permanent 
station. Alternate crews of three men 
each will ocqupy the workshop dtxring . . 
three different periods of 56 days 
.each. From tS|ais program, scientists 
<^hope to obtain further information 
about man' s\ pl^ysiological *and psycho- 
logical resi^ortses to' the space environ- 
ment and his ability to work in space. 
The \ultimat^ goal is a permanent space ^ 
station that^.will remain in orbit for 
10 or more years. .Such a station 
could serve as 'ci national research 
c|enter,i a center for certain commercial 
Activities, a base for launching 
missions to the moon cind deeper space, 
and a supply, transfer, and assembly 



the station, 
technicians willl 



facility. To read 
space scientists 

depend on a space shuttle between tne 
earth and t^e station -^-^ — - 

city to^ takeoff, fl 



With its cap'fi- 
through the. atmb7 



si>here,' go into orbi^t^ return to 1 
eirth, and makp a cdnventional landiAg, 
tne space sl^iuttle will be the first 1 r 
true aerospace vehicle. • One design | ) 
fdr trie space shuttle system inclUofes 
a rocket plane consisting of an drbxter 
and booster united piggy-back style. 
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The booster wi; l s^jparata jErom the 
o^biter at a height' of about 40 miles 
above the earth and then return -to 
eeif't*h apd make a conventional landing. 
The oxbiter will" circle the •earth for 
periods up to .30 .days, return, to e^rth 
and also make k conventional landing. - 



6. SUGGESTIONS FOR tEACHING: 



a. 



You mi'ght f ina it de6irabX6 to introduce this learn- 
ing phase with a comparison of modern aircraft with 
;firarly aircraft, inciuding the Wfight Plyer, the 
Sleriot monoplane,, the British Sopwith Camel, the 
Vurtkers 1 and .others. A display on one side of 'the 
classroctai showing pictures of early aircraft and, pn 
the oth<fc side, pictures of modern aircraft would 



desirab 




On the chalkboard, list the names of 
early ailrcraft and^ under each aitcraft, indicate, 
the cotmonent or components that wer6 added to make 
th^ aixc^aft mqre flyable. On another' chalkboard, 
list the name's of modem military and contmercial 
aircrcift^and list or call, attention to the conponents 
whicji have been add(5d to the airplane since the early 
days. This.will provide an opportunity not only to 
review aircraft innovations included in intervening 
chapters but also to discuss, majoit aerodynamic and 
structural improvements in -aircraft design since 19€S 
This approach can lead to a detailed discussion of 
outstanding military and commercLal aircraft of the 
Ipost-World War II pl^ribd, the beginnings of the 6p^ 
jAge, present achievejnents in aviation and space, and 
jfuture possibilities! in aerospace. 

For your mqst effective coverage ^of this learning 
phase, you will find it most Ihelpful to make an 
extensive use of pictures (the more the better) of 
early airplines and modem aerospace vehicles. You 
can arrange at'fa^cAive displays on flannel boards, on 
bulletin boardS^^r across the top of 'chalkboards. \ 
Tou should not attempt to study modern aerospace vehi- 
cles in , too much* detail in this piiase because other 
units provide comprehensive infornlation in thi^s area. 

This learning phase provides an excellent opportunity 
to use resource speakers such as ipace officials, 
airport employees^ commerOial airline pilots, military 
pilots, and others. Before their presentation, how- 
ever, yt>u should outline your objectives with them 
and indicate the desired scope of their lecture. 
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7. INSTRUCTIONAL 



AID?i 



APROTC 20 series - Revolution in Airlift: C-5A 

iLFROTC 22 series - DSAP AircraJ^t 

;fR0TC 23 series - Unified States Missiles 

jjpROTC 46 series - Spaceflight 

b. FILMS: I 

SFP 1215 Sonic Boom, 14 min. , Color, 

SFP 15341 It's Ev^rybodyj's Business, ^2 
1953 

SFP l697jThe B-52: Vietnam, 38 min. , Color j 
SFP 1768 <C-5 Galaxy, 28 (mi^n. , Color, 1969 
AFIF 194 The Eagle Has Landed, :8 min.. Color, 1969 
TF-6177C F-111 Weapons System, ]j971 ^ ! 

FR-1234 The C-5 - What It Is, What It Does, 1971 

i ! 

McDonnell pouglas, St.^^uis^ "The Challenge," 1971 




i 
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i PRQJECTSr 

If you are located near a modern airport or space 
facility, arrange a visit to observe modern aerospace 
vehicles in operation. Use the field tri# to identify 
some of the latest additions and innovations in aircraft 
design, such as the engine, wings, fuselage, landing 
gear, et,c. 

9. FURTHER READ J NG: " 



a. 



b. 



d. 



Becker, Beril.' Dreeuns and Realities of the Conquest 
of the Skies . West ^anover, Massachusetts: Halliday 
Lithograph Corporation, 1967. 

Cook, Alfred D. (ed..) Where Da We. Go From the Moon ? 
New York: Fairchild Publications, Inc., 1967, pp 
123-162 (Paperbaqk) ^ . , 

Davies, R. E. G. A History of the World's Airlines . 
New y6rk: Oxford University Press, 1964. 

Leinwoll, Stanley. Space Communications . New York: 
John P. Rider, Inc., 1964 (Paperback). 

Miller, Ronald and Sawers, David. The Technical ^ 
Development of Modern Aviation . London : Rout ledge 
and Kegan Paul, 
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